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(i) 
APPELLANT'S STATEMENT OF QUESTIONS PRESENTED 


The question is whether Dow made a patentable invention in 
the art of heat treating by combining convection heating of the load 
with radiant heating of high heat capacity material where the high 
heat capacity ma-erial cooperates with the heating tubes of the 
furnace to vary the convection heating rate through the load so as to: 


1. Substantially reduce the equalization per iod and 
the overall time cycle for processing a load; — 


2. Substantially reduce the temperature gradient 
through the load and thereby achieve substantial uniformity 
of heat treatment; and 


3. Substantially lower the average operating 
temperature of the heating tubes, thereby prolonging 
their life; : 


where the prior art taught (a) that the use of high heat capacity 


material should be avoided in convection furnaces, and (b) that the 
heating effects due to radiant heat should be minimized; and where 
there is no suggestion in the art that the advantages achieved by 
applicant might be achieved by the arrangement devised and claimed by 
the applicant. 
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Applicant's Performance vs. Performance of the Prior Art 


The Claims and the Grounds of Rejection 
STATUTE INVOLVED 
STATEMENT OF POINTS 
SUMMARY OF ARGUMENT 
ARGUMENT 


Where Smith Taught That en Effects Due to Radiant Heat 
Should Be Minimized and That Low Heat Capacity Material 
Should Be Used Rather Than High Heat Capacity Material, It 
Is Reversible Error for the Trial Court to Have Found that Dow's 
Claims Are an Obvious Adaptation of Benner's Radiant Heating 
Furnace in View of the Convection Fumace of Smith 


Where the Evidence Indisputably Establishes That Benner’s Use 
of High Heat Capacity Material Produces Absolutely No Gain 
In the Heating Cycle, It Is Reversible Error For the Court to 
Have Held, as It Did In Finding No. 3, that Benner, By Using 
High Heat Capacity Material, Doubled the Power Output to 
the Furnace and Thereby Shortened the Usual Heating Cycle 


The Trial Court’s Holding That the Claimed Invention Is 
Obvious Is Clearly Erroneous ‘ 


In View of the Law Applicable to the ee of Method 
Claims, the Refusal of Such Claims Is Legally Unwarranted 


Dow's Combination of Old Elements Forming a Convection 
Heat Treating Fumace Having a New Modus Operandi and 
Which Produces New and Improved Results, Is Patentable 
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i JURISDICTIONAL STATEMENT 

v Plaintiff, Doris B. Dow, widow of John A. Dow, is a resident 

y of Detroit, Wayne County, Michigan, and as Trustee is the sole owner 
of the entire right, title and interest in John A. Dow application for 

an. United States Letters Patent, Serial No. 746,277, filed May 6, 1947, 


for "Heat Treating Furnace and Method" (R 5-38). 


On September 21, 1953, the Board of Appeals of the Patent Office 
— affirmed (R 53-57) the action of the Primary Examiner finally rejecting 
the applicant's claims on the ground that the same were unpatentable. 
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As permitted by Title 35 U.S.C. Section 145, Plaintiff, 
dissatisfied with the decision of the Board of Appeals of the Patent 
Office, (no appeal having been taken to the Court of Customs and Patent 
Appeals) brought civil action (R 1) against Robert C. Watson, Com- 
missioner of Patents, in the United States District Court for the District 
of Columbia, seeking the issuance of a patent on said application. The 


claims involved are set forth at R 41-50. 


In due course Robert C. Watson, the Commissioner of Patents, 
filed his answer (R 4) denying that plaintiff was entitled to a patent, 
asserting that John A. Dow, the applicant, was not the original, first 
and sole inventor of the subject matter in issue within the meaning of 
the patent statutes, and that plaintiff was not entitled to a patent for 
the reasons given in the Examiner's statement (R 51) and in the Board 
of Appeals Decision (R 53). After hearing the case, Judge Edgar B. 
Vaught, on October 24, 1956, entered a judgment (R 151) dismissing the 
complaint, adopting verbatim as the basis for his decision, the reasons 


relied upon by the Patent Office in refusing the patent. 


Notice of appeal (R 151) was filed by the plaintiff-appellant on 
December 21, 1956. 


The Court of Appeals for the District of Columbia has jurisdiction 
of this case under the provisions of Title 28 U.S.C. Sections 1291 and 
1294. 


STATEMENT OF THE CASE 


Introduction to the Art and Techniques Here Involved 


The invention pertains to the art of heat treating metals ina 
controlled gas atmosphere, and more particularly to batch type heat 
treating furnaces and methods of heat treating batches of work wherein 
a batch of pieces of work is arranged in a heated furnace chamber 


provided with a controlled atmosphere, and such atmosphere is 
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recirculated in a predetermined path through the batch of work and 

over the furnace heating tubes so as to effect the transfer of heat to 

the work by convection (R 113), the atmosphere being effective at 

certain elevated temperatures, i. e. at and above "control temperature” 
of the work to be heat treated to produce a metallurgical reaction (R 117), 
such for example as case hardening, on the work being treated. 


In carrying out such a conventional heat treating operation the 
batch of work in a controlled furnace atmosphere is first brought to and 
held at the elevated control temperature (of the order of 1500° F.) at 
which the heat treating process is an can be carried out, and then, after 
all of the work has attained such control temperature, it must be 
maintained at such temperature for a sufficient time interval to obtain 
the desired treatment, i. e. to carry out the process (R 117). 


It has been found most efficient and convenient in practice to pile 
the pieces of work to be processed in a container having a perforated 
bottom so that the hot furnace gases may be circulated through the 
container and over the work therein so as to heat the same and thereby 
bring the work up to control temperature. A batch of several hundred 


or more pounds of work is a common size of load. 


However, the side of the load first contacted by the hot furnace 
gases will be heated to control temperature more quickly than the 
opposite side of the load (depending upon the thickness or depth and 
density of the load and other factors), inherently producing a temperature 
gradient through the load, which adversely affects the quality of the 
operation. (R 83) The parts which first reach control temperature will 
start to be processed first, and the unavoidable time lag (equalization 
period) between when the first pieces reach control temperature and 
when the last pieces reach control temperature has a great effect on the 
uniformity of the treatment being carried on in the furnace. (R 83-84) 
While uniformity of treatment could be promoted by reducing the depth 
of the load, such would involve very large furnaces (and a lot of hand 
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operation) for case depths in excess of .001 inches. (R 81) Thus, the 
quest for uniformity serves as a practical maximum limit on the depth 
of the load, while the need for increased production serves as a practical 


minimum limit on the depth of the load. 


Smith 1,721,840, who in 1925 recognized the advantage of forcibly 
circulating the atmosphere through a batch of pieces of work ina 
perforated bottom container in a furnace of the type here involved 
(Smith patent p. 2, col. 2, line 9 et seq.) instead of using radiant heat, 
also recognized that even with convection heating of the load, the 
desired uniformity may not be obtained due to the inherent temperature 
gradient through the load, and he suggested as a means of minimizing 
the temperature gradient that: 

"The direction of circulation of the air or gas within 
the furnace may be reversed from time to time or 
periodically, as by reversing the direction of rotation 
of the fan or blower,"". (P. 2, col. 2, line 126 et 
seq.) (This technique has not been found effective 

(R 112) ). 

Controlled atmosphere convection heat treating furnaces in use 
prior to the introduction in 1947 of the Dow furnace here involved, and 
of which Smith is typical, (R 82, 131) were far from satisfactory due 
to the wide variation in temperature inherently existing in different 
‘parts of the load when approaching control temperature and to the 
unavoidable long time interval (equalization period) between the time 
the first and last pieces of the load reach control temperature (R 82), 
which has a great effect on the uniformity of treatment carried out in 
the furnace (R 83). Thin parts as the result of being overprocessed would 
be brittle arid might break in service, while the parts that reached control 
temperature last would get only a superficial hardening at the surface 
and might tend to wear out in service by virtue of being too soft (R 83). 
Neither of these extremes might be acceptable, and only the central 
portion of the load might get the correct processing (R 83). 
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Radiant heating (that is, heating in which the part to be heated 
is exposed to and "sees" the source of the heat) and which is 
enormously more effective in transferring heat than convection heating 
(R 101), is open to the objections that it is restricted to heating only a 
single layer of parts, is very easily interrupted or interfered with, and 
the only part directly heated is that surface exposed directly to the 
source of radiation (R 80), and hence is inherently unsuitable as the 
prime method of heat transfer for batches of work piled in boxes. In 
addition, radiant heating requires continuous attention by the operator 
to prevent overheating, and to obviate this Smith, who obviously was 
familiar with the then old technique of radiant heating, taught that the 


".,.. heating effects due to radiant heat should be 
minimized."' (p. 2, col. 2, line 111 et seq.) 


and to this end he arranged his heating elements 21 and 22 so that the 
basket 28 and the shell 27 would intercept the radiant heat, rather than 
the work being processed (p. 2, col. 2, line 101 et seq.) 


The Advantages Achieved by the Claimed Construction 


Applicant's claimed apparatus and method combining convection 
heating of the load with radiant heating of high heat capacity material, 
which cooperates with the furnace heating tubes to vary the heating rate 
through the load by adding heat to the circulating atmosphere during the 
first part of the cycle and absorbing heat from the heating tubes during 
the last part of the cycle (R 84), provides the following significant and 
unexpected advantages over anything disclosed or suggested in the art: 


1. By substantially reducing the temperature 
gradient through the work being processed, essentially 
uniform heat treating results are obtained. (R 124, 
123, 121, and Pl. Ex. 8, R 70) 


2. By significantly reducing the overall cycle 
time for processing each batch, due to reducing the 
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time required to equalize the temperature of the load 

at control temperature (R 123), the capacity of the 
furnace is increased, thus substantially increasing 

the output or the amount of work which can be processed 


in the furnace in a given time. 


3. By operating the heating tubes at a signifi- 
cantly lower average temperature than otherwise possi- 
ble, the life of such heating tubes is substantially 
increased (R 122). 


The foregoing specified advantages now asserted for Dow are 
stated objects of Dow's invention (R 9) and follow a brief discussion of 
the defects of the prior art (R 5-9) in the Dow application as filed. The 
claimed technique is well described in the December 1947 issue of 
METAL PROGRESS, a trade magazine which featured the article (by the 
applicant), "A New Batch-Type Gas Cyaniding Furnace" (Pl. Ex. 6, 

R 63), announcing the furnace disclosed and claimed in the application 


here involved. 


Applicant's Structure 


As illustrated in Figs. 3 and 4 (R 36), one of several embodiments 
of applicant's furnace shown in the drawings, and in the language of 
claim 40 (R 45), a batch type heat treating furnace embodying the 
invention here involved comprises a heat insulated enclosure providing 
afurnace chamber. Means consisting of perforate bottomed containers 
18 adapted to be supported upon the track 17 are adapted to support a 
batch of pieces of work in the furnace chamber so as to permit the 
circulation of the furnace atmosphere by the fan 20 through the batch of 
work. In practice the containers may contain from one hundred to 
several hundred pounds of small metal pieces, such as gears, shafts, 
bolts, collars, nuts, and various other stamped and machined pieces of 
the type shown at R 65, 61. A series of vertically arranged U-shaped 
tubes 28 are disposed along each side of the furnace chamber for 
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heating the same and the work contained therein, and in addition the 
interior of the furnace chamber is provided with a heat absorbing 
element consisting of members 33, 34 and 37 which are of sufficient 
area and thickness and which are formed of high heat capacity material 
of such mass, specific heat and conductivity that it is possible for these 
members to absorb as much or more heat by radiation from the heating 
elements 28 than is required to bring a full load of work within the 
containers 18 from room temperature to control temperature. The 
high heat capacity material forms a tunnel around each heating tube 28. 


The heating elements 28 are adapted to heat the heat absorbing 
elements 33, 34 and 37 by the radiation of heat thereupon. A gaseous 
circulating medium confined within the chamber is employed for 
transferring heat by convection from the heating elements 28 and the 
heat absorbing elements 33, 34 and 37 to the work in the containers 18. 
A motor driven fan 20 forms a means for effecting the forced recirculation 
of the furnace atmosphere in a predetermined path from the fan 20 
outwardly, thence upwardly over the heating tubes 28, and the heat 
absorbing elements 33, 34 and 37, then downwardly through containers 
18 and through the batch of work contained therein, and thence back to 
the fan. Thus the batch of work is heated by convection while the high 
heat capacity material is heated by radiation (R 11 5). 


Of course the furnace must initially be brought up to its operating 
temperature before the containers 18 with the work therein are inserted 
in the furnace chamber (R 144), but after the first batch of work is 
processed in the furnace, the furnace will (because of the invention here 
claimed) be up to its operating temperature and ready to receive 
immediately another batch of work, without any preheating interval 
(R 145). | 


Thus, as shown in Fig. 4 (R 36), three tunnels are arranged along 


each side of the furnace chamber with a U-shaped heating tube 27 
disposed in each tunnel. The tunnels through which the heating tubes 27, 
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28 extend are open at the top and bottom to the furnace chamber and 
the fan 20 is operative to discharge atmosphere into the bottoms of 
such tunnels, upwardly over the heating tubes 28, and thence back into 
the furnace chamber and down through the work in the work containers 
18 shown in Fig. 3. The atmosphere for the furnace is generated in 
generators which are contained within the heating tubes 28 and discharged 
into the furnace chamber in a manner which is not material here. All 
of the atmosphere in the furnace chamber is of a definite chemical 
composition and carefully controlled so that the work in the furnace 
chamber under the influence of heat at and above control temperature 
and in the presence of such atmosphere will attain the desired surface 


characteristics, i. e. heat treatment. 


After the batch of work at ambient (prevailing room) temperature 
is introduced into the furnace chamber, the hot atmosphere within the 
furnace chamber as it flows downwardly through the work in the 
containers 18 under the suction effect of the fan 20 will be cooled by the 
work (R 114), and the work will be heated by such atmosphere. Since 
the work at the top of the container is first contacted by the hot gases, 
the work at the top of the containers 18 will be heated first and more 
quickly (R 119) than the work at the bottom of the containers. 


However, because of the great amount of heat stored in the high 
heat capacity material 33, 34 and 37, the load is heated by convection 
very quickly at the first part of the heating cycle because of the 
enormous amount of heat added to the circulating atmosphere from the 
high heat capacity material. After a substantial amount of the heat 
has been removed by the circulating furnace atmosphere from the high 


heat capacity material, it acts as a sort of a brake on the rate of heating 


the load and slows down the heating when the top of the load is approaching 


control temperature, thereby reducing the temperature gradient through 
the load and thus promoting greater uniformity. (R 84 and 116) 
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After the first part of the heating cycle when the high heat capacity 
material gives off heat to the furnace gas, such material 33, 34 and 37 
absorbs heat from the heating tubes, thereby reducing the amount of 
heat from the heating tubes available for heating the load. Reducing 
the amount of heat available for heating the load reduces the rate of 
heating of the load and hence the temperature gradient through the load. 


The heat so absorbed by the high heat capacity material from the 
heating tubes recharges the high heat capacity material so that the 
furnace will be ready for the next charge to be inserted. Thus, when 
the first charge has been heated to its control temperature, the furnace 
is immediately available for heating a second load that could be placed 
in the furnace (R 116 and 134) and "There is no time lost for reheating 
these walls."" (R 117) : 


The Prior Art 


The rejection of the claims was predicated upon a combination of 
references no one of which discloses the furnace or the method claimed. 


Benner et al 1,997, 622 and Smith 1,721, 840 appear to be the 
principal references. Copies of the patent references are bound in at 
the end of the Joint Appendix. , 


Smith shows a batch type convection furnace in which the atmosphere 

in the furnace chamber is recirculated through the load and over the 
electric resistance heating elements 21, 22, the load being carried ina 
basket 28 which is adapted to be supported within the cylindrical sheet 
metal shell 27 which prevents transmission of radiant heat from the 
resistance heaters 21, 22 to the work in the basket 28 lying adjacent 
the outer wall thereof. Smith does not disclose or suggest the use of 
high heat capacity material as disclosed and claimed by the applicant. 
Rather, Smith recommends that the use of suchmavtrial be minimized, 


for he states: 
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"The source of heater or heating elements 21 and 22 
preferably shall have low heat capacity, or small 
capacity for storing heat, in the sense that they are 
directly or substantially directly exposed to the air 

or gas within the furnace, or, if embedded, the mass 
shall be small enough to store only relatively small 
amount of heat; or shall have a heat capacity which 

is low aS compared with the heat capacity of the 
material or work to be heat-treated. This low heat 
capacity of the resistance elements 21 and 22, or 
equivalent, is desirable from the standpoint of ability 
rapidly to change in temperature, thereby contributing, 
with the circulation of the air, to reduction or 
elimination of overshooting of temperature either when 
bringing the heating chamber up to desired or control 
temperature, or during control of temperature after the 
heating chamber has been so brought upto or near the 
desired temperature." (page 3, col. 1, lines 6-27. 
Emphasis added.) 


To avoid overheating of those parts of the work at the outer sides 
of the work basket 28, Smith 

"preferred that the heating shall be effected substantially 

exclusively by convection or conduction and that heating 

effects due to radiant heat shall be minimized" (p. 2, 

col. 2, line 109 et seq.), 
and this Smith achieved by employing the shell 27 which intercepted the 
radiant heat that would otherwise be absorbed by such parts of the load, 
and by the use of low heat capacity material. 


Smith's suggestion for periodically reversing the direction of 
circulation of the gas within the furnace has not been used in the art 


(R 112), and the expedient of reversing the direction of rotation of a fan 


for the purpose of trying to reverse the direction of circulation through 
the load is impractical (R 110-112). It should also be noted that Leeds 
& Northrup, assignee of Smith, was concerned in 1950 with the problem 
of lack of uniformity of heat treating and with the problem of rapidly 
attaining temperature uniformity in a fresh charge of work. See 
Tauber et al 2, 686,665, issued August 17, 1954, col. 4, lines 30-70. 
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In order to overcome the deficiency of Smith with respect to the 
use of high heat capacity material, the Patent Office suggested that in 
view of the radiant type furnace of Benner there is no invention involved 
in using high heat storage capacity material in Smith's furnace notwith- 


standing the teaching of Smith is to the contrary. 


Benner is not concerned with convection heating or with 
minimizing the temperature gradient through a batch of work pieces 
(R 134), or with uniformity of heating(R 91 and 134), but rather with 
the quite different problem of extremely rapidly heating the surface 
(R 91 and 134) of a solid ingot by radiation and conduction where the 
furnace is used only intermittently due to the necessity of preheating 
the heat storage material (R 92) above the desired operating temperature. 
No atmosphere circulating means are disclosed or suggested by Benner, 
and the addition of a fan to Benner would be no improvement (R 101) 
because only the pieces at the top or outside heated by radiant heat will 
receive any significant amount of heating (R 102). | 


Where a batch of relatively small pieces of work is contained in 
a basket or container, heating by radiation or conduction is unsatisfactory 
and impractical because only the upper and/or outer exposed surfaces 
of the batch of pieces are exposed to the radiant heat, and for this reason 
the pieces beneath the surface of the stack cannot be effectively heated 
by radiation (R 135). Heating by conduction requires good thermal 
contact, which does not exist in the case of a batch of loose pieces, and 
for this reason heating by conduction is not a satisfactory or practical 
method of heating a batch of loose pieces. (R135) — 


Benner 1, 997, 622 discloses that where the furnace is used 
intermittently, by preheating the furnace (90 minutes required) toa 
temperature about 350° Cc. (600° F.) above the desired temperature 
of the load (R 92) and storing such heat (during the preheating period) 


in high heat capacity material (used for lining the furnace chamber), 
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it is possible to substantially reduce the time for heating a solid ingot 
by radiation and/or conduction to 10 minutes and to obtain a more uniform 
temperature on the different sides (surfaces) of the load, but without 


any saving in time in the complete time cycle (R 99). 


Benner claims that the use of this high heat capacity material, 
silicon carbide, as a furnace lining reduces the time required to heat 
the ingot to 1000° c. (1832° F.) to ten minutes (if the preheating time 
of 90 minutes is ignored), as compared to the 90 minutes heating time 
necessary when the furnace is lined with a highly insulating material, 


plus the ten minutes preheating time involved in such case. 


This method of operation thus will be helpful only when the 
furnace is used intermittently since, while Benner ignores the amount 
of time required for preheating, some time obviously will be required 
to preheat the furnace to 1350° Cc. (2462° F.), and this time must be 
added to the time the load is actually in the furnace to obtain the tdtal 


cycle time. 


The following calculations (Pl. Ex. 7 - R. 69, 69a, 69b, and 
R 94-99) show that the total time cycle of Benner (preheat time plus 
load time), is approximately the same whether the furnace is lined with 
the silicon carbide material or the insulation (R 99). There is no gain! 
Thus, Finding No. 3 of the Trial Court that Benner 


"By using heat capacitors of high heat conductivity. .... 
double(d) the power input to the furnace and thereby 
shorten(ed) the usual heating cycle” (R 147) 


is contrary to the evidence and clearly erroneous, as there is no 
evidence to support any such finding. 


The amount of heat required to raise the temperature of an object is: 


Q=WxC xAT 


Where Q= Quantity of heat in calories 
<5 = Specific heat of the material 


(0.143 cal. /gram/°C, is the specific 
heat of steel) 


b < 
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AT = Temperature difference, °c. 


» W = Weight of load in grams 
* Heat required to heat a load of W grams of steel from 25°C to 1000°c: 
. Q., = W x 0.143 cal/gram/°C x (1000-25) | 
= 139.4xW 
a . Heat supplied by lining when heating load: 


The Silicon carbide (SIC) lining supplies heat at a rate of 
645,000 cal. /min. for the 10 minutes the load is in the 
furnace, 


7 = 6,450,000 cal. 


The insulation lining if used instead of the silicon carbide 
supplies heat at the rate of 8,000 cal. /min. for the 90 
minutes the load is in the furnace, 


on = 720,000 cal. 
Let rate of heat supply by heating elements = Qe cal. | aie 
Then Q2 = = Heat required by load - Heat supplied by lining 
Heating time 
i For the SiC lining, the load heating time is 10 minutes 


. and Q,, = 139.4W_- 6,450,000 cal. /min. : 
7 10 : 
For the insulation lining, the load heating time is 90 minutes. 
‘- and Q, = 139.4W_- 720,000 cal. /min. 
a 90 


m now Q,, = 139.4W - 6,450,000 - 139.4W - 720,000 
ee - 9 °°» | 


? and, solving for W, 


| W = 51,400 grams, ( approximately 115 lbs. ) 

* thus Q, = 139.4W = 17,165,160 cal. : 

; and Q, = Q, - 6,450,000 = 71,516 cal. /min. 

~ = oa 3 

- Total Cycle with Silicon Carbide lining as disclosed by Benner. 

ae The total operating cycle is the preheating time plus the time the load 
lad 


is inthe furnace. We have seen that the heat supplied by the SiC 
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lining is 5,450,000 cals during the 10 minutes the load is in the furnace. 


This heat must be added to the lining during the preheating from 1000 
to 1350° C. If the lining could be heated at the same rate as that at 
which it supplies heat to the load, it would take 10 minutes for pre- 
heating plus 10 minutes for the load, making a total time of 20 minutes. 
However, the element can supply heat only at a constant rate, 

Qe > 71,516 cal./min. Thus the time to preheat the lining is: 


6,450,000 cal = 90.2 minutes 
71, 516 cal/min 


Thus the total time for preheating and for the load is 90.2 plus 10 or 
100.2 minutes. This total time of approximately 100 minutes agrees 
with Benner's statement, page 2, col. 1, line 12 et seq.: "The time 
of heating for a massive charge of metal can be decreased to approxi- 
mately one-tenth that when the charge is heated by radiation from the 


resistor alone..." 


Total Cycle with Insulation Lining as disclosed by Benner. 


The heat supplied by the insulation lining to the load is 8,000 cals. /min. 


for 90 minutes, or 720,000 cal. 
The element can supply heat only at a constant rate, 
Q_ = 71,516 cal. /min. 


Thus the preheat time for the insulation lining is: 


720,000 cal. = 10.1 minutes 
71,516 cal. /min. 


Thus the total time for preheating and for the load is 10.1 plus 90 or 
100.1 minutes. 


It can be seen therefore that the total time for preheating the 
furnace and for heating the load does not depend on the lining material 
and that Benner's technique is useful only for intermittent furnace 

operation. Thus the use of Benner's technique would require that the 
‘furnace stand idle for most of ‘its time -- hardly a useful technique that 


contributes to furnace efficiency. 
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In both Kelleher and Fitz Gerald the heating means is in a chamber 
separate from the chamber which contains the work to be heated 
(R 125-127), and heat is transferred between such chambers by a heat 
conducting material such as silicon carbide. There is no provision in 
Kelleher or in Fitz Gerald for the circulation of atmosphere between the 
furnace chamber and the heating element chamber 2 (R 126). In fact, 
the object of Kelleher is to prevent the atmosphere in the furnace 
chamber from circulating in the heating element chamber 2 (R 126), 
and Fitz Gerald has the same object. The compartments in which 
Kelleher and Fitz Gerald dispose their heating elements are not 
tunnels through which the furnace atmosphere is circulated, as in 
applicant's case, but rather are separate chambers so designed as to 
prevent the circulation of atmosphere between such chambers and 
the chambers containing the work to be heated. 


Applicant's Performance 
Performance i ‘the Prior Art 

The important differences in performance between applicant's 
furnace and those of the prior art may best be understood by reference 
to the performance curves shown in application Figs. 7 and 8 (R 38) 
and in Pl. Ex. No. 8(R 70). Fig. 7 illustrates the performance which 
might be obtained from a conventional furnace structure not employing 
Dow's high heat capacity material, for example the furnace disclosed 
in Smith 1,721,840 (R 118). Fig. 8 and Pl. Ex. 8 disclose the 
performance of a furnace embodying the claimed invention. 


In Fig. 7 the numeral 57 indicates the temperature curve of the 
hottest part of a 1250 lb. load of work being processed, which is at 
the top where the hot atmosphere enters the work, and 98 indicates the 
temperature curve of the bottom or coldest part of the work (R 118). 
The numeral 59 indicates the theoretical average rate of heating the 


work during the heating period, which is the 60 minute period required 
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O 
to bring the top of the work up to the control temperature of 1500° F. 


When control temperature is reached, the heat supplied by the heating 
elements is reduced to a rate such that the temperature at the top of 
the work does not increase beyond 1500° (R 117). 


By examining the curves 57 and 58 in Fig. 7 at five-minute 
intervals during the heating period, it will be observed that the 
temperature gradient, or difference in temperature between the top 
and bottom of the load, does not decrease, but rather increases during 
the heating period, and that the heating element temperature increases 
during this period to 1920° F. , which is over 400° higher than control 
temperature (R 121). Fifty minutes of additional time is then required 
to bring the bottom of the load to control temperature (R 119). 


Referring to Fig. 8 (R 38) which shows the performance curves 
for applicant's furnace, the numeral 62 indicates the temperature of 
the top and 63 the temperature of the bottom of a work load of 1250 lbs. 
(R 119,120). In this furnace 1250 pounds of high heat capacity material 
has been placed in position to receive heat by radiation from the 
heating tubes. The average heating rate indicated by the line 64 is the 
Same in this furnace as in the furnace illustrated by Fig. 7, that is, 
in each case enough heat is put into the 1250 pounds of work to bring 
the top of the work to control temperature in sixty minutes (R 120). 
It will be noted, however, that with the heat absorbing material 
augmenting the heat given off by the heater tubes, heat is supplied to 
the work very rapidly during the initial part of the heating period and 
at a much faster rate than in the case of the prior art furnace 
illustrated by Fig. 7 (R120). The maximum temperature gradient in 
the work, which from Fig. 8 will be noted to be approximately 440° 
is reached in the first 10 minutes of the 60-minute heating period. 
Thereafter the temperature gradient is less (R 120) because the heating 
tubes are required to heat both the work and the heat absorbing material. 
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This very rapidly decreases the heating of the work, until after about 
30 minutes of the heating period the temperature gradient is reduced to 
approximately 200°. This is because heat from the heating tubes is 
absorbed at a greater rate by the heat absorbing elements than it is 

by the circulating medium (R a ia After 30 minutes the temperature 
gradient in the work, while increasing slightly, remains almost 
constant up to the end of the heating period (R 121). 


Comparing Figs. 7 and 8, the steeper slope of line 62 as 
compared with line 57 shows that the heating rate of the top of the load 
after about 20 minutes of the heating period is very much less in Fig. 8 
than it is in Fig. 7. Actually, the top of the load indicated by line 57 
in Fig. 7 increases in temperature from 1200° to 1500° during the 
last 15 minutes of the heating period. On the other hand, the top of 
the load in Fig. 8, as indicated by line 62, is at a temperature of 1325° F. 
fifteen minutes before the end of the heating period and heats only 17 5° 
during this interval. 


In the furnace illustrated by Fig. 7, it will be observed that the 
temperature gradient increases continuously through the entire work 
heating period and reaches a maximum of nearly 400° at the end of 
the heating period (R 119). It will be noted that in applicant's furnace 
the temperature gradient increases very rapidly during the first part 
of the work heating period, then reaches a minimum at about the middle 
of the work heating period, and then increases slightly until control 
temperature is reached, and at this time the temperature gradient is 
only about 240° as compared with nearly 400° in the prior art furnace 
(R 120). 


Referring again to Fig. 7, when starting the equalization period 
with a temperature gradient of 380° and by regulation of the heating 
element so that no part of the work reaches a temperature greater than 
control temperature, it takes a good 50 minutes for the temperature of 
the bottom of the work to equalize with the temperature of the top of 
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the load (R119). Inother words, during this entire 50-minute 
period the top of the work is held at 1500° and is being processed 
while the temperature of the remainder of the work is being brought up 
to 1500° but is not being processed. By holding the temperature of the 
top of the work at control temperature for this period it will be 
apparent that there will be a considerable difference in the degree of 
processing of the top of the work as compared with other parts of the 


work in the prior art furnace. 


Referring again to Fig. 8 and starting the equalization period 
with a temperature gradient of 240°, it will be apparent that much less 
time is required to equalize the temperature of all parts of the work. 
For example, only 35 minutes (R 120) are required in the structure 
illustrated by Fig. 8, compared to 50 minutes in the structure 
illustrated by Fig. 7, a reduction in time of 30%. This difference in 
equalization time not only saves time in the overall heating cycle, but 
it will be apparent that the degree of processing of all of the work in 


a batch of work will be more nearly uniform. 


Again comparing the performance of the two furnaces, the 
temperature of the heating element in the structure illustrated by Fig. 7 
is 1920° when control temperature is reached, whereas in the structure 
illustrated by Fig. 8 this temperature is only 1720°, This 200° differ - 
ence in temperature makes a very great difference in the life of the 
heating elements simply due to the fact that heating elements operated 
at a maximum of 1720° will last much longer than when operated at 
1920° (R 122). 

To show that applicant's claimed advantages of more uniform 
heat treating and a substantial reduction in the overall cycle time are 
real, plaintiff introduced the results of a typical temperature uniformity 
test (R 124) of the Dow Furnace Company, Pl. Ex. 8(R70), which was 
performed using a furnace embodying the invention disclosed in the 


application here involved (R 123). Such test was made in the ordinary 
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course of business of The Dow Furnace Company, a licensee, and was 
not made for the purpose of this litigation (R 123). The curves of 
Ex. 8 are drawn on the same scale as Figs. 7 and 8 and show the 
progress of heating a load from room temperature to a control 
temperature of 1550° F. Ex. 8 shows that substantial uniformity 
between the top and bottom parts of the load was reached in some 25 
minutes after the top part of the load had reached control temperature 
(R 123), and Mr. Holman, a metallurgical engineer for The Dow 
Furnace Company, testified that the performance shown in Ex. 8 
appeared to be better than that of the furnace shownin Fig. 8 of the 
application where an equalization period of 35 minutes was required to 
bring all of the load to a control temperature of 1500° F. 


Ex. 8 further shows the uniformity of the average case depth of 


the parts at the top and bottom of the load, and Mr. Holman characterized 


the results from the standpoint of uniformity as excellent. 


"The type of load being processed is a difficult one in 
which to achieve uniformity, and to my knowledge, there 
is no other type of furnace that would give you that 
degree of uniformity." (R 124) 


That the Dow "Heat Capacitor" made a tremendous impression 
upon the trade is attested by the HEAT TREATING bulletin, Pl. Ex. 10 
(R 71-74), published by Lindberg Engineering Company, builders of 
Lindberg Furnaces. In the article entitled "Carbonitriding", after 
pointing out the importance of it for all persons involved in heat 
treating, the following unsolicited testimonial is given to the Dow 
Furnace with its "heat capacitor": 


".... But, it was not until 1947 when J. A. Dow -- then 
president of the Dow Furnace Company-- introduced his 
furnace for the process, that the present enthusiasm 
developed. The Dow Furnace was a combination of an old 
design, abandoned for years and the relatively new principle 
of high temperature convection. The result was so successful 
that the same principles, and in many instances the same 
furnace, were used for other processes such as carburizing, 
bright hardening, bright annealing, etc. 
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"Dow described his heating method as a ‘heat 
capacitor’. Where for years furnace engineers had 
worked to reduce heat content of furnace linings, 
principally by the use of refractory insulation, Dow not 
only put back the heavy firebrick walls but added heavy 
firebrick piers as baffles for directing the forced 
convected gases. The result was that the cold work 
charged into the chamber was hit by a tremendous volume 
of heat, not merely that supplied by the radiant tubes or 
elements but an even greater amount from that stored up 
in the refractories. The fan distributed this heat 
throughout the furnace and charge resulting in a heating 
rate beyond that which could be obtained by tubes or 
elements alone. 


"Once the charge reached temperature and heating 
requirements reduced, the heat taken from the 
refractories was returned to be used by the next load. 


"The foreign engineers who visited the Detroit 
Metal Show this fall were amazed to find American 
production engineers so enthusiastic about batch type 
furnaces rather than continuous equipment for sucha 
production process as carbonitriding. The high tempera- 
ture fan and the 'heat capacitor’ had created the 
"exception that proves the rule.’ " 


The Claims and the Grounds of Rejection 


At the trial before the District Court the undisputed evidence 
established that the basis upon which the Patent Office refused a 
patent containing the claims here involved was erroneous, but in spite 
of this the Trial Court in effect 'rubber-stamped" the decision of the 
Board of Appeals (R 150) and made crucial findings, particularly 
Findings Nos. 3 and 7, which are contrary to the evidence and for 


which there is absolutely no support in the record. 


All of the apparatus claims (39-52 and 56) here involved define 
a batch heat treating furnace of the convection type having a furnace 
chamber, heating means disposed in the furnace chamber, and means 
for supporting a batch of pieces of work in the furnace chamber so as 
to permit the forcible circulation (by a fan means) of the furnace 
atmosphere through the batch of work. Additionally, such claims 
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include a heat absorbing element, i. e. high heat capacity material, 


in the furnace chamber which is heated by radiation from the heating 
means therein and which is arranged so that the circulating atmosphere 
within the furnace chamber will transfer heat by convection from such 
heat absorbing element to the work along with heat from the heating 
means. The capacity of the heat absorbing element for absorbing heat 
is specified in claim 40 as being great enough to provide a minimum 
temperature gradient in the batch of work when the work reaches 
control temperature, while claim 46 specifies that the capacity is great 
enough to decrease the temperature gradient in the batch of work toa 
minimum during that portion of the heating cycle when the case is being 
formed on the work pieces. Claims 39 and 45 specify the capacity as 
being greater than one-third of the heat required to bring a full load of 
work to control temperature. Claim 44 specifies that the capacity of 
the heat absorbing element is equal to the heat required to bring a full 
load of work to control temperature. Other apparatus claims, such as 
41, 42 and 43, specify the capacity in terms of the maintenance of the 


rate of heating the work. 


Thus, all of the apparatus claims define a convection type of 
furnace in which high heat capacity material, arranged so as to be 
heated by radiation from the heat source, cooperates therewith to vary 
the heating rate through the load so as to substantially reduce the 
temperature gradient through the load when control temperature is 
reached, to substantially reduce the equalization period, and to 
substantially lower the average operating temperature of the heating 


tubes. 


Furnace claims 49-52 and 56 were additionally rejected as 
unpatentable over Benner and Smith in view of Fitz Gerald and Kelleher. 
This group of claims includes the additional limitation of the tunnels in 
which the heating tubes are arranged and through which the furnace 
atmosphere is forcibly circulated for absorbing heat from the heating 
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elements as well as from the surfaces of the tunnels heated by radiation 


from the heating elements. 


Method claims 30-38 define a method of treating a batch of 
pieces of work in a confined atmospheric medium of a batch type 
furnace in which there are arranged the heat generating element and 
the heat absorbing element, with the heat absorbing element arranged 
to absorb heat from the heat generating element. Typical method claim 


32 involves the following steps: 


A. Transferring heat by radiation from said heat generating 
element to said heat absorbing element until the latter has 
absorbed a substantial part of the heat required to bring a 
batch of work up to control temperature. 


B. Arranging a batch of pieces of work in said atmospheric 


medium to absorb heat therefrom. 


C. Transferring heat by recirculating said medium ina 
predetermined path over said heat generating element and 
said heat absorbing element and through said batch of work 
until a substantial portion of said quantity of heat absorbed 
by said heat absorbing element has been transferred to 


said work. 


D. Reducing the rate at which heat is transferred from said 
heat generating element to said batch of work. 


E. Said method involving the heat transfer to said batch 

of work at such rate that the rate of heating said batch of 
work is great enough to produce a relatively large 
temperature gradient in the batch of work during the first 
part of the heating cycle, and low enough during the latter 
part of the work heating cycle to decrease the temperature 
gradient in said batch of work until the control temperature 
of said batch of work is approached. 
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Thus, the method claims define the method or process aspect of 
or the invention which is productive of the same advantages as the 
. apparatus claims. 


STATUTES INVOLVED 


“ While the Trial Court in its Findings (R 147) and Opinion 
“ (R 149) cited no particular section of the Patent Statutes, it is 
re apparent from the Trial Court's Finding No. 7 (R 148) that if any 
~e specific section of the Statutes is involved, it is Section 103. 
~ 
“ 35 USC 103 
: Conditions for patentability; non-obvious subject matter 


A patent may not be obtained though the invention 
is not identically disclosed or described as set forth 
° in section 102 of this title, if the differences between 
the subject matter sought to be patented and the prior 

| art are such that the subject matter as a whole would 
x have been obvious at the time the invention was made 
» to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall 
not be negatived by the manner in which the invention 
was made. July 19, 1952, c. 950, Sec. 1, 66 Stat. 798. 


ad 

‘i, STATEMENT OF POINTS 

. The Trial Court erred: 

1. In refusing Dow's claims on the ground that it would not 
require more than routine talent for a furnace designer using Benner's 
radiant heating furnace for the heat treatment of a mass of small 

7 objects, to attempt to reduce the temperature gradient by known 

. means, such as the provision of a fan to circulate gas within the 


furnace, as taught by Smith, where Smith teaches that: (a) "heating 
effects due to radiant heat should be minimized," and (b) low heat 
capacity material should be used rather than high heat capacity 
material as in Benner. 








24 


2. In holding that Benner, by using high heat capacity material, 
doubled the power output to the furnace and thereby shortened the usual 
heating cycle, when the undisputed evidence establishes that Benner's 
use of high heat capacity material produced absolutely no gain in the 


heating cycle. 


3. In holding that the claims do not define invention in view of 
the prior art where the evidence before the Trial Court established that 
the basis upon which the Patent Office refused the claims is erroneous 


and that the claimed techniques have substantially advanced the art: 


(a) by substantially reducing the temperature gradient 
through the work being processed, thereby achieving substantially 


uniform heat treating results; 


(b) by substantially reducing the overall time for 
processing each batch due to reducing the time required to 
equalize the temperature of the load at control temperature, 


thus materially increasing the output of the furnace; and 


(c) by substantially reducing the average operating 
temperature of the heating tubes, thereby increasing their 
useful life. 


SUMMARY OF ARGUMENT 


Lack of uniformity of heat treating results due to the inherent 
temperature gradient through the load when control temperature is 
reached had long been a problem in the art, and no real solution of 
such problem appeared until Dow devised the simple and effective 
techniques here involved which (1) substantially reduce the temperature 
gradient through the load and thereby achieve uniformity of heat 
treatment results; (2) reduce the equalization period and the overall 
time cycle for processing a load; and (3) make it possible to operate 
the heating tubes at a substantially lower average temperature, thereby 
prolonging their life. The results achieved by Dow represent a definite 
advancement in the art of heat treating and a new result in a patent sense. 
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The techniques devised by Dow have been used successfully 
and extensively since the Dow Furnace incorporating the invention 
here involved was introduced. (Pl. Ex. 3, 4, 5A and 5B). The 
only expedient suggested by the art for minimizing the temperature 
gradient in a convection furnace--namely, reversing the direction 
of circulation of the furnace atmosphere--has not been found effective. 


Where Smith taught that heating effects due to radiant heat should 
be minimized and that low heat capacity material should be used rather 
than high heat capacity material, the Trial Court's Findings that Dow's 
claims are an obvious adaptation of Benner's radiant heating furnace 


in view of the convection furnace of Smith cannot be sustained. 


Overheating of the parts attend the use of radiant heating, along 
with the fact that radiant heat requires single layer heating, a lot of 
hand operation, and large furnace areas which severely limit the 


efficiency and rate of production. 


Where the evidence indisputably establishes that Benner's use 
of high heat capacity material produces absolutely no gain in the 
heating cycle, the Trial Court's crucial Finding No. 3, that Benner 
by use of high heat capacity material doubled the power output to the 
furnace and thereby shortened the usual heating cycle, cannot be 


sustained. 


Benner's “uniformity of heating" is but that of heating all 
sides of the load at once rather than achieving temperature uniformity 
through the load, and Benner's technique of heating while preheating 
would actually increase the temperature gradient between the inside 
and outside of the load. | 


The basis of the Patent Office decision adopted by the Trial 
Court to the effect that Benner discloses reduction of time in heating 
the metal articles and uniformity in heating, having been shown by 


the evidence to be erroneous, the Trial Court was in error in failing 


to reverse the Patent Office. 








26 


In view of the enormous differences in the effectiveness 
of radiant heating and convection heating, the addition of a fan to 
Benner for circulating his atmosphere would produce no useful 
result. 


Even if a fan were added to Benner, Benner's radiant heating 
furnace would still remain highly undesirable because of (1) Benner's 


technique of greatly overheating the furnace in the preheating period, 


(2) the long idling of the furnace during preheating period, and 
(3) the highly objectionable radiant heating of the work with its 
attendant overheating of the exposed surface of the load. 


Benner's "time saving", achieved at the expense of long 
idling of the furnace while it is preheated and of greatly overheating 
the furnace during such preheating period, would adversely affect 
the life of the furnace heating elements; whereas, Dow's technique 
permits operating the heating tubes at an average temperature 
substantially less than others,a matter of significance in the life 
of the heaters. 


The evidence shows that the suggested modificiation of Benner 
in view of Smith would not produce the results achieved by applicant. 


The recognition accorded to Dow's "heat capacitor" by a 
competitor is highly persuasive that what Dow has done is far from 
obvious. 


In view of the evidence, the Trial Court's holding that the 
claimed invention is obvious is clearly erroneous. 


As the heating elements of Fitz Gerald and Kelleher are 
arranged in a separate heating chamber through which the furnace 
atmosphere does not circulate, there is no basis for combining 
these references with Smith or Benner as a basis for rejecting 
claims 49 to 52 and 56, and this is particularly true where as here 





27 


Benner, even if modified in view of Smith, does not meet the 


concept of Dow as defined in his claims 40 to 48 inclusive. 


Dow's combination of old elements forming a convection 
heat treating furnace having a new modus operandi and which 
produces new and improved results is patentable in view of the 
established law. 


In view of the law applicable to the patentability of method 
claims, refusal of claims 30 to 39 inclusive is legally unwarranted. 


As the differences between the subject matter sought to 
be patented by Dow and the prior art are such that the subject 
matter as a whole was not obvious at the time Dow made his 
invention to a person having ordinary skill in the heat treating art, 
Dow's furnace and method are patentable and meet the test of 
Section 103 of the Patent Statutes. | 
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ARGUMENT 

Where Smith Taught That Heating Effects Due to 

Radiant Heat Should Be Minimized and That Low Heat 

Capacity Material Should Be Used Rather Than High 

Heat Capacity Material, It is Reversible Error for 

the Trial Court to Have Found that Dow's Claims are 

an Obvious Adaptation of Benner's Radiant Heating 

Furnace in View of the Convection Furnace of Smith 

By combining convection heating of the load with radiant heating 
of high heat capacity material, where the high heat capacity material 
heated by the heating tubes cooperates therewith to vary the heating 
rate through the load, Dow substantially reduced the temperature 
gradient through the load and thereby achieved substantial uniformity 
of heat treatment, substantially reduced the equalization period and 
the overall time cycle, and substantially lowered the average operating 


temperature of the heating tubes, thereby prolonging their life. 


Radiant heating and convection heating have been well known in 
the art since at least 1925. Prior to convection furnaces of the type 
shown in Smith, it was the practice in the art to employ radiant heating 
as disclosed in Kelleher 1, 637,486 and Fitz Gerald 1, 646,058 for 
example, wherein the electric heating element was disposed in one 
chamber, the articles to be heated were disposed in another and 
separate chamber, and a solid wall was arranged between such 
chambers so as to prevent the circulation of atmosphere there between , 
“such wall being made of heat conducting material, however, so as to 

transfer heat from the heating means in the heating chamber to the 
work to be processed in the work chamber. Also recognized was the 
problem of overheating attending the use of radiant heat along with the 
fact that radiant heat required single layer heating, large furnace 
areas, and a lot of hand operation, which severely limited the 
efficiency and rate of production in heat treating using radiant heat. 
(R 80, 81) 
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It is not surprising that the art in its need for increased pro- 
duction turned to convection heating, particularly in the heat treatment 
of batches of small pieces of work. However, with convection heating 
arose the problem of lack of uniformity of results occasioned by the 
temperature gradient through the work when control temperature was 
reached, and undoubtedly it was for this reason Smith taught that 
“heating effects due to radiant heat should be minimized" and that the 
direction of circulation of the air or gas within the furnace should be 
reversed periodically. Not only did Smith teach that the heating 
effects due to radiant heat should be minimized, but he also taught 
that the heating elements, directly exposed to the air or gas within the 
furnace, or embedded, should be such as to store only a small amount 
of heat, in order to permit rapid change in temperature and to prevent 
the reduction or elimination of overshooting of temperature either when 
bringing the heating chamber up to control temperature or during control 
temperature (Smith 1, 721, 840, p. 3, col. 1, line 6 et seq.) 

Smith, who was familiar with radiant heat as well as with low 
heat capacity and high heat capacity material and the lack of uni- 
formity occasioned by the temperature gradient through the load, 
certainly would have suggested the use of high heat capacity material 
as a means of minimizing the temperature gradient if such a concept 
had occurred to him. : 

In rejecting the foregoing reasons for modifying Smith in view of 
Benner, the Board of Appeals of the Patent Office and the Court below 
brushed off Smith's teaching against the use of a furnace having large 
heat storing capacity with the observation ; 


"We see nothing in this statement which would 
militate against Benner et al employing gas 
circulating means within their furnace." ' 


Obviously, any modification of Benner in view of Smith to pro- 
vide a convection furnace using high heat capacity material would be no 
different than the addition of high heat capacity material to the convection 
furnace of Smith in view of Benner. Thus the purported reason of the 
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Trial Court and the Patent Office for holding that it would be obvious 
to add the gas circulating means of Smith to Benner's furnace is no 
reason at all, does not bear scrutiny,, and is tantamount to doing the 
very thing that Smith taught should not be done. 


Benner is assigned to the Carborundum Company which has long 
sold silicon carbide material for use in furnaces. See Kelleher 
1, 637, 486 who refers to silicon carbide, and Fitz Gerald 1, 646, 058 
who refers to Carborundum, the trade mark for silicon carbide sold 
by the Carborundum Company. Thus, the use of high heat capacity 
material, such as silicon carbide, was not new with Benner. Benner's 
concept was that by uSing high heat capacity material and preheating 
the furnace while empty to a temperature substantially above the 
desired temperature of the load and storing much heat in the high heat 
capacity material which lined the furnace chamber, (Benner 1, 997, 622 
p. 3, col. 2, line 25) it is possible to substantially reduce the time that 
a solid ingot would have to be in the furnace to be heated by radiation 
or conduction, and that by the use of such material he could obtain a 
more uniform heating of the different sides of the load (Benner p. 4, 
col. 1, lines 7-15) than was otherwise possible when both the load and 
the furnace are heated simultaneously from a cold start, due to the 
fact that radiant heat will only directly heat the surface which is directly 
exposed to it. Atp. 4, col. 1, line 33 Benner refers to a "six inch 
thick ceramic plaque." 


Obviously Benner's technique is useful only where the furnace 
is used intermittently, and while Benner does not specify the amount 
of time required for preheating, obviously some time will be required 
and to obtain the total cycle time the preheating time must be added to 

‘the time that the load is actually in the furnace. 


The suggested addition of a gas circulating means to Benner's 


furnace as a basis for anticipating the claims does not bear scrutiny 
and would appear ridiculous to those skilled in the art in view pf the 
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inefficiency of convection heating relative to radiant heating. The 


addition of a circulating fan to Benner to circulate the atmosphere 
therein would produce no useful result and would not materially im- 
prove the heating of the ingot 11, as it is heated more effectively by 
radiation and/or conduction than by convection or circulation (R 100). 
As pointed out by Holman, the amount of heat that could be trains- 
mitted by circulating gas in Benner's furnace would be negligible 
compared with the tremendous quantities of heat transmitted by the 
lining and by the resistor itself. (R100) The basic reason for this 

is that convection heating is not a very effective way of transmitting 
heat if you can instead transmit heat by radiation. Convection heating 
is not as efficient because you have to heat up such a tremendous quan- 
tity of gas and to circulate such a tremendous quantity of gas in order 
to transmit the amount of heat involved (R 100). Since Benner can add 
heat at the rate of 645, 000 calories per minute by radiation and con- 
duction, the amount of heat that could be transmitted by circulating a 
gas would be negligible. | 


Holman agreed that the relative order of magnitude, that is, the 
difference in effectiveness of the two systems, 


“would be something like hooking up a canoe in 
front of the Queen Mary for the purpose of 
attempting to move it along.” 


Thus the suggested addition of a fan for circulating the atmosphere in 
Benner would appear ridiculous to those in the art who are acutely 
aware of the relative effectiveness of radiation and convection as alter- 
native methods of heating. : 


Even the use of a tray for holding pieces of work in the Benner 
furnace would not be useful because of the pieces at the outside or the 
top of the tray would be heated very quickly and severely overheated 
because of being exposed to the radiant heat (R 101) and would be heated 
to a temperature approaching the temperature of the inside of the furnace, 
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while the pieces shat were not exposed directly to the radiant heat 
would heat very slowly. (R102). Thus, even if a tray of pieces or 
work were added to Benner's furnace along with the fan, the result 

still would not be useful because you would still have the same tempera- 
ture gradient problem and it would be much more severe because of 

the effectiveness of the radiant heat in heating the pieces of work 


directly exposed to the source of radiation. 


The Benner patent does not disclose that there is any utility 
for his furnace in connection with heating a batch of pieces of work 
and the problem of heating a single piece of material is an entirely 
different problem than heating a batch of pieces of work. (R 102) 
As an experienced engineer in the heat treating field, Holman would 
not use a furnace of the kind disclosed in Benner for heating batches 
of work (R 102). The concept of Benner of heating the inside of a 
furnace substantially higher than the temperature to which it is 
desired to heat the load would merely aggravate the problem of 
securing temperature uniformity through the load ( R 103) because 
it would help to create a greater difference between the temperature 
in the center and the temperature at the outside of the load (R 103-104). 
Overheating of the furnace during the preheating period, as taught by 
Benner, is also disadvantageous in connection with metallurgical 
reactions of the kind involved in operations performed by the Dow 
Furnace occause metallurgical reactions proceed at a certain definite 
rate of time at any given temperature, and they always proceed faster 
when the temperature is raised (R105). Thus, if you use a higher 
temperature, you will carry out the process at a faster rate, which 
would seriously aggravate the problem of uniformity during the 


equalization period. 


Benner’s whole concept of heating is based solely on radiating 
heat from the heaters 1 and the high heat capacity material directly to 
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all sides of the load for heating the same, whereas Dow, like Smith, 
is concerned with shielding the load from radiant heat and minimizing 
the heating effects of radiant heat on the load (Dow specification, 

(R 6). All claims have involved specify that the load is heated by 
circulating the furnace atmosphere over the heating tubes and high 
heat capacity material and through the batch of work. The circulation 
of the furnace atmosphere over the high heat capacity material and the 
heating tubes, as well as the shielding of the work from direct radia- 
tion, are essential differences between Benner and Dow (R 139). To 
modify Benner as suggested so as to eliminate his technique of radiant 
heating of the load would defeat the very purpose of Benner's teaching. 


Thus, the suggested addition to Benner's radiant heating furnace 
of a circulating fan, as taught by Smith, is not only contrary to the 
teachings of the art, including Benner, but also is a suggested modi- 
fication which runs directly counter to the significant facts established 
by the evidence relating to the problems and factors involved in radiant, 
convection, and conduction heating, and in heatng single large pieces 
vs. a batch of pieces. Thus, where as here Dow went contrary to the 
teachings of the art in using high heat capacity material in a convection 
heat treating furnace (whether it is called a modification of Smith in 
view of Benner, or vice versa) and thereby produced a new and useful 
result, the claimed structure and method can not logically be rationali- 
zed as obvious, as found by the Court in its Finding No. 7. See 
Aerovox v. Concourse Electric (C.A. 2, 1933), 65 Fed. 2d 386, 18 
USPQ 52, 54; In re Sutton and Boothby (CCPA 1954), 211 Fed. 2d 582, 
101 USPQ 186; Emil Olsson vs. U.S. (Ct. of Claims, 1931), 72 Ct. Cls. 


72, 9 USPQ 111, 124; Millinery Braid vs, Arlyn Knitting (S.D. N. Y. 
1934), 22 USPQ 386. 
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Where the Evidence Indisputably Establishes That 
Benner's Use of High Heat Capacity Material Pro- 
duces Absolutely No Gain in the Heating Cycle, It 
Is Reversible Error for the Court to Have Held, 
As It Did in Finding No. 3, that Benner, by Using 
High Heat Capacity Material, Doubled the Power 
Output to the Furnace and Thereby Shortened the 


Usual Heating Cycle 
The error in Finding No. 3 (R 147) of the Trial Court is crucial 
because it formed the basis for the decisions of the Board of Appeals 
and of the Court in holding that it would be obvious to modify Benner 
in view of Smith. In its decision the Board of Appeals stated: 
", , . .The results achieved by appellant and 
stressed by him, mainly, reduction of time in 
heating the metal articles and uniformity of 
heating, are fully described by Benner et al." 
(R 150) 
The evidence in this case clearly establishes that Benner's use 
of high heat capacity material achieved no reduction of time in the over- 
all cycle and also that uniformity of heating as claimed by Benner is but 
that of heating "the different sides of a load placed in the heating 
chamber" (Benner, p. 4, col. 1, lines 11-12), rather than tempera- 
ture uniformity through the load (R91). Even though the evidence 
before the Trial Court clearly established that there was no basis 


for reiterating such finding of the Board of Appeals, the Court in 


effect "rubber-stamped" the Board of Appeals’ decision and completely 


disregarded the evidence. 


By the calculations set forth in Pl. Ex. 7(R 69, 69a, 69b), 
Holman conclusively demonstrated that there is no difference in the 
‘overall cycle time of Benner, whether the furnace is lined with silicon 
carbide or with ordinary insulating material (R 99). When high heat 
capacity material is used as a furnace lining, the furnace is preheated 
for 90 minutes while empty, and then the load may be heated in 10 








35 


minutes, making a total cycle time of 100 minutes. However, when 
ordinary insulating material is used, the furnace is preheated for 
only 10 minutes because the heat capacity of the insulating material 

is low, with the result that 90 minutes’ time is required for heating 
the load following the preheating period, and giving a total cycle time 
of 100 minutes, the same as in the case where the high heat capacity 
material was used (R98). While Benner did not specify the preheating 
time, Holman's computations and conclusions are consistent with data 
given in the Benner patent (R 130). Thus, Benner using the high heat 
capacity material can actually use the furnace only 10 minutes out of 
every 100 minutes, and from the standpoint of furnace use it offers no 
advantage over the older technique where the cycle time was also 100 
minutes. , 


The evidence in this case clearly establishes that the Dow Furnace 
does not require any preheating time between charges (R 134, 142) des- 
pite the effort of counsel for the defendant on cross examination to con- 
fuse preheating between charges, with the initial warming up of the 
furnace. Dow requires no idle preheating time between loads, as in 
Benner, because in Dow the heat absorbing material is recharged with 
heat during the latter part of the heating cycle (R 142, 145). In view of 
the foregoing, the finding by the Board and the Trial Court that Benner 
discloses that the use of high heat capacity material will shorten the 
heating cycle is not only unfounded, but actually contrary to the evidence. 


Likewise, the finding or inference that Benner teaches how to 
achieve uniformity of heating is wholly unsupported and contrary to the 
evidence (R 134). Holman agreed that Benner, using his technique of 
overheating during the preheating period, would wind up with a greater 
temperature spread between the outside and the inside of the load than 
would otherwise occur (R 104) and that Benner | 


". . . is going to overheat the outside surfaces; 
they are going to approach the temperature to 
which he has pre-heated the furnace of 2600 
degrees very quickly after the load is inserted 
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into the furnace, but at the end of ten minutes, 

it isn't conceivable that the center of this ingot 
will have heated to any appreciable extent, maybe 
on the order of three or four hundred degrees, 
where the outside is heated considerably beyond 
his desired temperature of 1800," (R91). 


Benner himself admits (p. 4, col. 1, line 10 et seq.) that the uniform 
temperature to which he refers is "on different sides of a load". 


The Trial Court's Holding That the Claimed 
Invention Is Obvious Is Clearly Erroneous 


| The findings of the Trial Court (those proposed by the defendant) 
to a great extent disregard the evidence before the Trial Court which 


was not available to the Patent Office when it considered the Dow 
application. While such findings do recognize that Dow's technique 
reduced the temperature gradient as the control temperature was 
reached ( Finding No. 2, R 147) and, in erroneously attributing to 
Benner shortening of the usual heating cycle ( Finding No. 3), give 
some recognition to Dow's claim to such effect, the findings otherwise 
completely fail to give any recognition one way or the other to the 
evidence adduced, and in effect merely "rubber-stamp" the Board of 
Appeals’ decision. 


While the presumption attached to the decision of the Patent 
‘Office places the burden of proof on the plaintiff, such decision is 
not sacrosanct, as the Trial Judge and the defendant appear to believe, 
and where as here the evidence before the Trial Court clearly 
established that the basis of the Patent Office decision was wrong, it 
was the Trial Court's duty to set aside such decision. 


The basis of the Patent Office decision, adopted by the Trial 
Court, was that "reduction of time in heating the metal articles and 
uniformity of heating, are fully described by Benner et al.", and 
that employing a fan to circulate the atmosphere within the furnace 
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“would merely accomplish the normal and expected function of such 


a device", and hence was obvious in view of Smith. 


The undisputed evidence (Pl. Ex. 7, R 69) established that the 
asserted reduction of time in heating the metal in Banner is a myth 
so far as furnace time and overall cycle time are concerned, for when 
Benner's preheating time is considered there is no gain (R 99) over 
a conventional radiant heating furnace. The "uniformity of heating" 
assertedly accomplished in Benner is but that of heating all sides of the 
load at one time (Benner, p. 4, col. 1, line 45), rather than temperature 
uniformity through the load (R 134). Benner's technique of overheating 
while preheating actually increases the temperature grad ient between 
the inside and the outside of the load (R 104). : 


Since the heating effects of convection heating on the load would 
be negligible in Benner (hence not the principal method of heating 
the load) because of the tremendous amount of heat imparted to the 
outside of the load by radiation (R 100), the use of a fan in Benner 
would have no appreciable effect on minimizing the temperature 
gradient through the load ( even if a load of loose pieces) and would be 
no improvement (R 101, 135). : 


Defendant's position appears to be predicated on the erroneous 
notion that convection heating as in Smith eliminades the temperature 
gradient through the load, whereas such is not the case. Smith 
recommended reversal of direction of the circulation as a technique 
for minimizing the temperature gradient inherent in convection heating, 
but the art has not found this expedient practical (R 113}. Tauber 
2,686, 665 shows that Leeds & Northrup (assignee of Smith) in 1950 
was still concerned with the problem of the temperature gradient 
through the load in convection furnaces of the type shown in Smith, 
and there is no mention in Tauber of the reversal of circulation 


technique disclosed inSmith. If the use of high heat capacity material 
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for minimizing the temperature gradient through the load ina 
convection heat treating furnace is as obvious as the defendant asserts, 
it is surprising indeed that Tauber makes no reference to the use of 
such material as a means for minimizing the temperature gradient 
through the load. 


Thus, defendant's suggestion of adding a fan to Benner would not 
minimize the temperature gradient (R 100) and in addition sucha 
modification of Benner's radiant heating furnace would still leave 
Benner's furnace highly undesirable because of (1) Benner's technique 
of greatly overheating the furnace during the preheating period, (2) 
the long idling of the furnace during the preheating period, and (3) the 
highly objectionable radiant heating of the work with its attendant 
overheating of the exposed surface of the load. There is no suggestion 
as to the desirability or possibility of eliminating these undesirable 
aspects of Benner, and any modification of Benner eliminating such 
aspects would be contrary to the teachings of Benner and defeat the 
very purpose of his teachings. Thus, any such modification of Benner 


cannot logically be said to be obvious. 


In order to achieve even his dubious "time saving", Benner 
found it necessary to greatly overheat (350° C.) the furnace during 
the long preheating period when the furnace is idling, and possibly 
to increase the heat input to the furnace. Considering the adverse 
effects of high temperature on the life of the furnace heating elements, 
Benner's technique of overheating is in sharp contrast to the result 
achieved by applicant in which the claimed concept permits operating the 
heating tubes at a temperature of 200° less than was possible theretofore-- 
a matter of significance in the life of the heaters (R 122). Nor is there 
any basis for assuming that without the long preheating period when the 
furnace is idling, Benner's use of high heat capacity material would 
provide any advantage! 


4 


fr 
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The recognition accorded to Dow's "heat capacitor" in Lindberg 
Engineering Company's "Heat Treating Hints", Pl. Ex. 10, R 71-74 
(also ignored by the Trial Court) is highly persuasive that what Dow has 


done is far from obvious. 


The evidence in this case clearly shows that a modification of 
Benner in view of Smith (or vice versa) would not obviously: 


(1) reduce the temperature gradient through the load and 
achieve substantial uniformity of heat treatment of the articles; 


(2) shorten the overall time cycle of the furnace; and 


(3) make it possible to operate the heating tubes at a 
substantially lower average temperature, thereby extending their 
useful life. : 


The finding (No. 9) that claims 49-52 and 56 do not define 
invention over Benner and Smith in view of Fitz Gerald or Kelleher is 
also contrary to the evidence. These claims include all of the features 
of claims 30-48 plus the tunnel arrangement of the high heat capacity 
material in which the heating tubes are arranged and through which the 
furnace atmosphere circulates. In Fitz Gerald and Kelleher the 
heating means are disposed in a separate chamber and there is no 
circulation of atmosphere through the separate chambers containing 
the heating elements because of the wall which separates the heating 
element chamber from the chamber containing the work. In Fitz 
Gerald and Kelleher the heating elements are isolated in a chamber 
from the furnace chamber atmosphere to prevent oxidation and/or 
deterioration of the heating elements. The major object of Kelleher's 
invention is to prevent deterioration of the heating elements by 
providing a protective inner lining for the refractories forming the 
walls of the resistor chamber (Kelleher, col. 1, line 21 et seq.). 

Fitz Gerald says that in his furnace the heating elements 
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" ...are contained within a closed heat chamber that 

may be kept filled with a gas, vapor or fume of such 

kind or quality as will render the resistors immune to, 

or protected from, deterioration such as may be caused 

by oxygen of the air or gases arising from the material 

being treated. The material or articles to be treated 

are contained in a chamber adjacent to the heat chamber 

but separated therefrom.." ( Fitz Gerald, p. 1, col. 1, 

line 16 et seq.) 

Dow, on the other hand, arranges the high heat capacity material 
so as to provide tunnels in which the heating tubes are disposed and 
through which the furnace atmosphere circulates so that the large areas 
of high heat capacity material will be heated by radiation from the 
heating tubes and so that such large areas of high heat capacity material 
will be exposed to the circulating atmosphere to permit the transfer of 
heat previously absorbed by such high heat capacity material to the 


circulating atmosphere. 


Thus, there is absolutely no basis for the Court's holding that 
Kelleher or Fitz Gerald, whose heating element chambers are closed 
to the circulation of atmosphere therethrough, form an adequate basis 
for the rejection of claims 49-52 and 56 when taken with Smith and 
Benner. In addition, Smith and Benner do not form an adquate basis 
for the rejection of these claims for the reasons previously pointed out 
in connection with claims 30-48. 


In View of the Law Applicable to the Patentability 
of Method Claims, the Refusal of Such Claims Is 
Legally Unwarranted 


A well-recognized test for patentability of method claims was 
spelled out in Carnegie Steel v. Cambria Iron, 185 U.S. 423, wherein 
the Court said: 


“nee A process patent, such as that of Jones, is not 
anticipated by mechanism which might with slight 
alterations have been adapted to carry out that process, 
unless, at least, such use of it would have occurred to 
one whose duty it was to make practical use of the 
mechanism described. In other words, a process 
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patent can only be anticipated by a similar process. 
A mechanical patent is anticipated by a prior device 
of like construction and capable of performing the 
same function; but it is otherwise with a process 
patent. " 


To the same effect is Deppe et al v. General Motors, 15 F. 2d 419, 428. 


As stated by the Patent Office Board of Appeals in Ex parte 
Mallory, 39 USPQ 503, 


"It is well settled that process claims cannot 
be anticipated by apparatus which is merely capable 
of carrying out the process. This is especially 
true where it is necessary to modify the apparatus 
in some way to adapt it for the purpose." 


Benner's apparatus obviously does not meet the method Claims, 


nor would the suggested modification of Benner in view of Smith meet 
the method claimed. As the suggested modifications of Benner in view 
of Smith or vice versa would be contrary to the teachings of the 
references, we submit that the references cannot be modified asa 
proper basis for anticipating the method claims, particularly where as 
here the evidence shows that the advantages achieved by applicant 
could not be achieved by any such modification. 


Dow's Combination of Old Elements Forming 
a Convection Heat Treating Furnace Having 
a New Modus Operandi and Which Produces 
New and Improved Results, Is Patentable | 


In Great Atlantic & Pacific v. Supermarket, 340 U.S. 147, the 
Supreme Court recognized that a combination of old elements is 
patentable 'twhen the whole in some way exceeds the sum of its parts". 


The new and improved results achieved by Dow meet such test. 


"With respect to the result produced, it is not essential 
that it be a wholly new result, but it is sufficient if an 
old result is effected in a more facile, economical, or 
efficient way."" Oxnard v. Bradley (C. A. ah 194 

F. 2d 655, 93 USPQ 126. 
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The decisions clearly demonstrate that improved performance 
in the operation of a machine, such as by turning out a better product 
or one which could not be made on prior machines, is in itself a new 
result in a patent sense and sufficient to sustain patentability even 
though the individual elements of the machine may be old. 


In Loom Co. v. Higgins, 105 U. S. 580, the Supreme Court, in 
sustaining a patent on a loom, and in holding that it was a new result 
in a patent sense to make a loom produce 50 yards a day when it had 
previously produced no more than 40, said: 


"It is further argued, however, that, supposing the 
devices to be sufficiently described, they do not show any 
invention; and that the combination set forth in the fifth 
claim is a mere aggregation of old devices, already well 
known; and therefore it is not patentable. This argument 
would be sound if the combination claimed by Webster was 
an obvious one for attaining the advantage proposed, 
--one which would occur to any mechanic skilled in the 
art. But it is plain from the evidence, and from the very 
fact that it was not sooner adopted and used, that it did 
not, for years, occur in this light to even the most 
skilful persons. It may have been under their very eyes, 
they may almost be said to have stumbled over it; but 
they certainly failed to see it, to estimate its value, 
and to bring it into notice. . . At this point we are 
constrained to say that we cannot yield our assent to the 
argument, that the combination of the different parts or 
elements for attaining the object in view was so obvious 
as to merit no title to invention. Now that it has 
succeeded, it may seem very plain to any one that he 
could have done it as well. This is often the case 
with inventions of the greatest merit. It may be laid 
down as a general rule, though perhaps not an invariable 
one, that if a new combination and arrangement of known 
elements produce a new and beneficial result, never 
attained before, it is evidence of invention." 


In Diamond Rubber Co. v. Consolidated Rubber Co., 220 U.S. 428, 
the Court sustained a patent on a combination of old elements in which 


the new result obtained by the patented device was a substantial 
improvement in performance, and stated: 
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"Knowledge after the event is always easy, and 
problems once solved present no difficulties, indeed, 
may be represented as never having had any, and 
expert witnesses may be brought forward to show that 
the new thing which seemed to have eluded the search 
of the world was always ready at hand and easy to be 
seen by a merely skillful attention. But the law has 
other tests of the invention than subtle conjectures of 
what might have been seen and yet was not. It regards 
a change as evidence of novelty, the acceptance and 
utility of change as a further evidence, even as 
demonstration. " : 


Greatly improved performance of a machine was also held to 
produce a new result sufficient to sustain a patent in Eibel Process Co. 
v. Minnesota & Ontario Paper Co., 261 U.S. 45, wherein the Court 
stated: : 


"In administering the patent law the court first 
looks into the art to find what the real merit of the 
alleged discovery or invention is and whether it has 
advanced the art substantially. If it has done so, 
then the court is liberal in its construction of the 
patent to secure to the inventor the reward be | 
deserves." 


* * * * * 


"The fact that the Eibel pitch [of an old element] 
has thus been generally adopted in the paper-making 
business and that the daily product in paper making 
has thus been increased at least twenty per cent over 
that which had been achieved before Eibel is very 
weighty evidence to sustain the presumption from his 
patent that what he discovered and invented was new 
and useful." 


More recently in Lincoln Stores, Inc. v. a Mfg. Co., 
(C.A. 1), 157 F.2d 154, 70 USPQ 254, in sustaining the Amory patent 
there involved, the Court reasserted the rule of patent law that a 
combination of elements may be patentable even though the elements 
are individually old if they are combined in such a way as to produce 
new and unexpected results. ! 
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"But the fact that a new combination of old elements 
produces a new and beneficial result, hitherto 
unattained, merits consideration as evidence of 
invention. Loom Co. v. Higgins, 105 U.S. 580, 591. 


* * * * * * * 


"An inventor cannot be denied the rights derived from 
a patent merely because he has combined elements, 
all of which were known to the prior art, if he has 
produced something involving novelty and utility..... 
A finding of invention may be warranted where the 
patentee combines features, even though all of them 
are known to the prior art, which produce a new 
result, especially where that combination enjoys 
marked commercial success.......... Amory's 
combination produced a new result, although it may 
have been composed solely of known ingredients, and 
there is evidence that this result was not expected by 
the art. 


* * * * *x * a 


Oaeas and a prior patent does not anticipate a 
subsequent patent where the prior patent failed to 
solve the problem which the subsequent patent solves 
successfully. Williams Iron Works Co. v. Hughes 
Tool Co., supra, at 506, 510 [44 USPQ at 327, 332]." 


In Dowless v. Hooks, 125 F. Supp. 96, 102 USPQ 386, the Court 
Sustained a patent on an apparatus which provided a successful solution 
to a long standing problem, and stated: 


"A prior patent which fails to solve the problem 
toward which the inventor's efforts are directed does 
not anticipate a subsequent patent which successfully 
solves the problem and effectually accomplishes the 
desired result. Shotey v. Apex Broach Co., D. C. 
Mich. 1949, 83 F. Supp. 807, 81 USPQ 193. 


* ad ok ak * * * 


"Marked improvement in the performance of a 
machine sustains a patent. The final step that 
consumates success is a patentable invention. 

Specialty Equipment and Machine Co. v. Zell Motor 
Car Company, 193 F. 2d 515, 520, 92 USPQ 84, 88-89, 
CCA 4--Opinion of Judge Parker. 


5 sd 2k * * * * 
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"Patent which successfully accomplishes useful 
result is not void for anticipation of prior use because 
of prior device, however similar in combination, or 
close in resemblance to that of patent, where such 
device was not operative and failed to produce result 
sought, and which is produced by device of patent. 
Alexander Anderson, Inc. v. Eastman, D. C. Cal. 
1936, 16 F. Supp 5f3, 31 USPQ 110. 


* * * * * cS * 


"A patent for a device which fails to accomplish the 
desired end is not an anticipation of one fora device 
which successfully accomplishes it." 


In Levin v. Coe, 76 App. D. C. 347, 132 F. 2d 589, 55 USPQ 224, 
this Court reversed the lower court and Patent Office findings and 
decreed issuance of a patent where the inventor was able to demonstrate 
greatly improved results in a composition and process, even though 
the individual elements thereof may have been old. In such case the 
Court stated: | 


errr eT: satisfaction by a method or device of an old 
and recognized want is highly persuasive of invention. 
The basis of that doctrine is that otherwise the mere 
skill of the art would normally have been called into 
action by the known want. The doctrine is authenticated 
by leading cases too numerous to mention. We cited 
them in the two cases just referred to. It is also 
settled in the law of patents that the fact that all of the 
elements entering into a combination are old does not 
necessarily negative the existence of invention....... 
Such a combination may be patentable invention if it 
produces a new result, or an old result in a new or 
more efficient way...... The fact that the combination 
later appears to be a simple one does not necessarily 
negative the presence of a high degree of inventive 
genius." | 


In Evans v. Watson (June 21, 1956), 142 F. Supp. 225, 110 USPQ 
478, Judge Wilkin in holding that the use of a screw thread of 90° crest 
angle was patentable over the 60° crest angle in the pr ior art and 
allowing the claims there sought, where the evidence disclosed that the 
applicant has solved a problem which had long confronted the art, stated: 
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"The evidence was clear and convincing that the case 
met the requirements and was within the purview of 
the Patent Law; and that while the mechanical change 
was obvious, the effect was not." 


In McCashen v. Watson (decided April 5, 1955), 131 F. Supp. 
233, 106 USPQ 166, Judge Youngdahl, in allowing the claims there 
sought, stated: 


"This case is controlled by the very recent and well- 
reasoned opinion of Chief Judge Laws in the case of 
Torok v. Watson where it was stated, in accord with 
Congressional expression of the Constitutional provision, 
'* * * to promote the Progress of Science and useful 
Arts * * *', that the Patent Statute: 


'* * * should be construed in the light of 
its purpose to promote the welfare of 
society by encouraging and stimulating 
discovery and invention. The requirement 
of invention should be examined in the light 
of the contribution the product makes to the 
advancement of the arts and sciences. The 
statute itself makes no strict and narrow | 
requirements of invention * * *'. 


[Emphasis added. ] 


"In line with this test, accepted and applied in the 
Torok case and announced in O'Rourke Engineering Const. 
Co. v. McMullen, we are firmly of the opinion that 
plaintiff's flour product has added something of value to 
the sum of human knowledge so that a return to prior art 
would be a retrogression; that the contribution is valuable 
to the health and economy of mankind, accomplishing a 
result never before attained; that it was brought about by 
great skill, keen perception and arduous research; that 
it differs from prior art in its form properties, 
nutritive and economic qualities. We are satisfied 
that to deny plaintiff a patent on the claims would operate 
to 'discourage invention, stultify innovation and impede 
the progress of the art.’ In short, the discovery as 
delineated and contained in plaintiff's claims does not 
appear to have been obvious from prior references, and 
the product itself solves a problem long outstanding, 
and so advances the art." 


‘ea 


47 


Similarly, in the present case, Dow has added something of 
value to the sum of human knowledge so that a return to the prior 
art would be a retrogression; the contribution of Dow is useful and 
valuable in the heat treating art and accomplishes a result never before 
attained. It differs substantially from the prior art, and the evidence 
shows that the apparatus and method claimed were not obvious from the 


prior references. 


CONCLUSION 


It is therefore submitted that the Judgment of the District Court 
should be reversed and a new judgment should be entered, holding 
the claims here involved patentable over the art of record. 


Respectfully submitted, 
DORIS B. DOW, Trustee 


E. J. BALLUFF 
3153 Penobscot Building 
Detroit 26, Michigan 


and 


SOLON B. KEMON 
1331 G Street, N. W. 
Washington 5, D. C. 


Attorneys for Appellant 
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BRIEF FOR THE COMMISSIONER OF PATENTS 
INTRODUCTION 


In this proceeding the appellant seeks review of 
a decision of the United States District Court for the 
District of Columbia (App. 151*) dismissing the com- 
plaint (App. 1) in an action under Section 145 of 
Title 35 of the United States Code. In this action, 
the appellant, Doris B. Dow, trustee, sought to have 
the Court authorize the Commissioner of Patents to 
issue a patent including claims 30 to 56 (App. 41 - 


* References to the Joint Appendix filed with the appellant’s brief are 
indicated ‘‘ App. a 
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50) in application for patent (App. 5) Serial No. 
746,277, filed in the Patent Office by John A. Dow on 
May 6, 1947. The refusal of the patent by the Patent 
Office and the District Court was based upon the 
failure of claims 30 to 52 and 56 to define invention 
over prior disclosures in the furnace art. Claims 53, 
54 and 55 relate to a form of furnace which appellant 
has elected not to prosecute in this application and are 
not before the Court on their merits. 


THE APPLICATION DISCLOSURE 

The application before the Court discloses several 
furnaces which differ in some respects but have other 
features in common. The form of furnace shown in 
Figures 3 and 4 of the application drawings (App. 36) 
is described on pages 6 to 9 of appellant’s brief. As 
set forth in claim 40 in the application (App. 45), the 
furnace includes as essential components: a heating 
element, a heat absorbing element, and means to cir- 
culate the heated gas in the furnace over those ele- 
ments and through a batch of work. Claims 39 to 52 
and 56 are directed to the furnace. Claims 30 to 38, 
directed to a method of heat treating batches of metal 
pieces, set forth the way in which the furnace operates. 


THE PRIOR ART 

The principal reference, the patent to Benner et al., 
No. 1,997,622 (a copy of which will be found at the 
end of the Joint Appendix), discloses a heat treat- 
ing furnace having electric resistance heating ele- 
ments 1 and a lining of heat absorbing material 6. 
Benner et al. assert (page 2 of patent specification, 
column 1, lines 31 to 54) that, by incorporating in 
their furnace a thick lining of heat absorbing material, 
they achieve several advantages over conventional 


3 


furnaces: (1) a substantial reduction in the time re- 
quired for heating a charge, (2) a doubling of the 
power input to the furnace, (3) a more uniform appli- 
cation of heat to the charge and (4) the maintenance 
of an even temperature throughout the furnace. Al- 
though the Benner et al. specification, for the most 
part, refers broadly to the material treated as a 
‘‘charge’’ or ‘‘ware’’, it does mention a six-inch thick 
ceramic plaque as exemplary of such material (see 
page 4 of patent, column 1, lines 32 to 34). The claims 
of the patent are not limited to any particular form 
of charge. 

The Smith patent No. 1,721,840 (next to last — 
in the Joint Appendix) discloses an electric furnace 
for heat treating a batch of metallic objects. The ob- 
jects are supported in the furnace in a removable 
basket which has a cylindrical wall 28 and which is 
open at both ends. The lower end of the basket is pro- 
vided with a spider 31 to support the articles to be 
treated. In order to avoid excessive radiant heating 
of the charge by heating elements 21 and 22, Smith 
provides a shell 27 which, in conjunction with the 
wall 28 of the basket, intercepts the radiant heat. _ 

The teaching of Smith crucial to this appeal is his 
disclosure that, to obtain ‘‘greater uniformity of tem- 
perature of the work or contents of the basket 28”’ 
(page 2, column 2, lines 91 to 94 of patent), hot gases 
are circulated through the furnace and through the 
basket by means of a fan 39, thereby maintaining ‘‘the 
temperature rise more uniform throughout the basket 
and its contents’’ (page 2, column 2, lines 73 to 76). 

The patents to Kelleher No. 1,637,486 and Fitz 
Gerald No. 1,646,058 were cited to show a feature which 
is subsidiary to the principal issue. In Figures 3 and 
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4 of the Dow application (App. 36) a part of the heat 
absorbing element 34 is disposed between the heating 
element 28 and the charge 18. This is in contrast with 
the structure shown in Figures 1 and 2 (App. 35) 
where the work holders are exposed directly to heat 
from the heating elements. 

Kelleher and Fitz Gerald were cited to show that it 
is old to interpose a heat absorbing and conducting 
shield between the work and the heating element. 
Kelleher shows 'a furnace wherein the heating element 
3 is separated from the work heating chamber by a 
heat conductive partition 10 of silicon carbide. Fitz 
Gerald similarly shows in Figure 3 a work heating 
chamber H separated from heat producing element 5 
by heat-transferring septum 20. 


SUMMARY OF ARGUMENT 


The ultimate question as to the broader apparatus 
claims (claims 39 to 48) is whether it would be unob- 
vious to extend the use of the Benner et al. furnace 
to the treatment of a batch of small articles. 

Benner et al. disclose attributes of their furnace 
which would be of advantage whether the charge was 
a single piece or a batch of small pieces. The sugges- 
tion that the reference furnace be modified for exten- 
sion to the new use thus stems from the prior art, 
independently from appellant’s disclosure. 

The art would recognize that convection heating is 
necessary in the treatment of a batch of articles and 
the Smith patent would suggest the addition of a fan 
to the Benner et al. furnace for this purpose. 

The appellant’s criticism of the unmodified Benner 
et al. furnace does not relate to the issue before the 
Court. 
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Appellant’s criticism of the Benner et al. furnace 
is without merit. It is based on a mistaken assump- 
tion that a test described by Benner et al. is character- 
istic of the normal operation of the furnace. Benner 
et al. obviously shorten the heating cycle by taking 
advantage, in the same way as Dow, of heat stored in 
the furnace for partially heating the next charge. Ap- 
pellant’s calculations, based on the Benner et al. test, 
demonstrate only that which is self-evident. 

Smith’s warning against the use of heat ee 
material does not support the appellant’s position. 
Benner et al. indicate that Smith was mistaken as to 
the effect of heat absorbing material. 

Appellant’s objections to the provision of a fah 
in the Benner et al. furnace depend on the assumption 
that the reference furnace, as modified, would be used. 
to treat a single ingot by direct exposure to radiant 
heat. The modification of Benner et al. proposed by 
the District Court does not warrant such an assump- 
tion. Insofar as the appellant’s claims are concerned, 
his work could be exposed to direct radiation. 

The method claims define only the operation of the 
furnace set forth in the apparatus claims or the result 
achieved thereby. The method claims present no issue 
of patentability distinct from the apparatus claims. 

The interposition of a part of the heat absorbing 
material between the work and the heater would be 
obvious in view of the Kelleher and Fitz Gerald pat- 
ents. Claims 49 to 52 and 56 do not support appel- 
lant’s argument as to the creation of a tunnel for We 
passage of gases. 
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ARGUMENT 
The Issue as to Claims 39 to 48 


The principal question in this case is that which is 
posed by claims 30 to 48. Claim 40, which may be con- 
sidered typical of the apparatus claims, reads as fol- 
lows: 


‘*A batch type heat treating furnace compris- 
ing a heat insulated enclosure providing a cham- 
ber, means for supporting a batch of pieces of 
work in said chamber so as to permit the circula- 
tion of a gaseous heating medium through said 
batch of work, a heating element and a heat ab- 
sorbing element disposed in said chamber, said 
heating element being adapted to heat said heat 
absorbing element by the radiation of heat there- 
upon, a gaseous circulating medium confined with- 
in said chamber for transferring heat by convec- 
tion from said heating element and said heat ab- 
sorbing element to said work, means for effecting 
the forced recirculation of said medium in a pre- 
determined path over said heat absorbing element 
and said heating element when the latter is opera- 
tive and through said batch of work, said heat 
absorbing element having a capacity for absorb- 
ing heat from said heating element and for trans- 
ferring heat to said circulating medium great 
enough to provide a minimum temperature gradi- 
ent in said batch of work when said work reaches 
control temperature.”’ 


In summary, the claim calls for a furnace having 
four elements: 


(a) a means for supporting a batch of pieces of 
work so as to permit the circulation of hot gases 
through the batch, 


(b) a heating element, 
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(c) a heat absorbing element of substantial ca- 
pacity to which heat is radiated by the net 
element, and 


(d) a means to circulate air over the heating ele: 
ment and the heat absorber, and through the 
batch of work pieces. 


Of these elements, the Benner et al. furnace in- 
disputably anticipates (b) and (c), that is, the heating 
element and the heat absorber receiving heat there- 
from. Benner et al. suggest that certain definite ad- 
vantages flow from this combination, as set forth in 
the patent on page 2, column 1, beginning at line 31. 

Benner et al. do not expressly suggest that their 
furnace be modified for use in treating batches of 
small objects as called for in elements (a) and (d) in 
the above analysis of claim 40. The ultimate question 
in the case, accordingly, is whether such use of the 
Benner et al. furnace would have been unobvious to 
those skilled in the heat treatment art. : 


THE THEORY OF THE REJECTION 


The answer to the question thus posed is not fur- 
nished, as appellant seems to assume (Brief, page 32) 
by the fact that ‘‘The Benner patent does not disclose 
that there is any utility for his furnace in connection 
with heating a batch of pieces of work * * *.”? On the 
contrary it is axiomatic that ‘‘A prior art patent is 
a good reference not only for what it discloses by way 
of direct anticipation but also for what it suggests 
that is not patentably distinct therefrom to any per- 
son skilled in the art’’, In re Lundberg et al., 39 CCPA 
971, 197 F. 2d 336. 
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The fundamental question is whether one normally 
skilled in the art, upon reading the Benner et al. pat- 
ent, would be prompted to adapt the Benner et al. 
furnace to batch treatment. The answer would seem 
to depend on whether any advantage achieved by 
Benner et al. in treating one-piece ware might also 
reasonably be expected in the treatment of a batch of 
small articles. If any such advantage does appear in 
the Benner et al. disclosure, the prior art itself fur- 
nishes the suggestion for its adaptation to the new use. 

It is true, as appellant contends (Brief, page 32), 
that some of the advantages claimed for the Benner 
et al. furnace would afford no benefit in the heating of 
batches of articles. For example, applying radiant 
heat ‘‘uniformly to all parts of the charge’”’ (page 2, 
column 1, lines 46 to 48), may offer no advantage in 
batch treatment. 

It is not true, however, that ‘‘Benner’s whole con- 
cept of heating is based solely’’ on direct and uniform 
radiant heating of the work, as appellant contends at 
the bottom of page 32 of her brief. Another result 
given equal, if not greater emphasis is that described 
in the patent beginning at line 35 in column 1 of page 2. 

In there asserting that the use of heat storage mate- 
rial would permit doubling of the power input to their 
furnace, and the transferring of the additional heat 
to successive charges, Benner et al. would seem to 
point to a result which would be beneficial in heat 
treating charges of any size or shape. If, by the use 
of a heat storage element, energy can be supplied to 
the furnace at a doubled rate without injury to the 
heating element, the patentees have contributed a sug- 
gestion of value to the furnace art generally. 
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It would seem reasonable to expect that heat treat- 
ment engineers would, as a routine matter, attempt 
to extend that aspect of the Benner et al. teaching to 
the treatment of articles of other types. No reason is 
seen why a researcher of ordinary skill, seeking a 
better and quicker way to heat treat a batch of small 
objects, for example, would not find, in Benner et al., 
a positive suggestion that the heat storage principle 
should be adapted, if possible. 

The engineer would recognize, of course, that the 
Benner et al. furnace, unchanged, would not be adapted 
for such use. This, and nothing more is the import 
of the witness’ testimony on page 102 of the Joint 
Appendix, referred to on page 32 of appellant’s Brief. 

It was known in the art, as shown in the Smith pat- 
ent, that ‘‘heating effects due to radiant heat should 
be minimized’’ (page 2, column 2, lines 108 to 112) 
by the use of shields, such as the wall of the container 
for the batch (see Smith, page 2, column 2, lines 99 to 
105). It was also commonly recognized in the art that, 
to avoid overtreating the outermost of the objects in 
the batch, at the expense of those in the center, some 
means to force hot gas through the batch must be pro- 
vided. Smith suggests as much (page 2, column 2, 
lines 73 to 77; same column, lines 91 to 98). The appel- 
lant’s witness testified, moreover, that the art gener- 
ally attempted to achieve a minimum temperature 
gradient (app. 140) and that a recognized expedient 
for the purpose was to provide for forced circulation 
of gas through the charge (app. 135, 136). 

In altering the Benner et al. furnace to provide For 
convection heating of a charge by forced circulation 
of gas, one would, therefore, be merely taking the pre- 
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cautions which those in the art knew would be neces- 
sary in the treatment of batches of work. 

Following this reasoning the Patent Office concluded, 
and the District Court agreed, that Dow’s adaptation 
of the Benner et al. furnace to the treatment of batch 
work was not beyond the skill of the art. In accord- 
ance with accepted authority the appellant can prevail 
only by showing where that reasoning fails. ‘‘The 
judicial function is exhausted when there is found to 
be a rational basis for the conclusions approved by the 
administrative body,’’ Mississippi Valley Barge Line 
Co. v. United States, 229 U.S. 282, 286, 287, which 
is quoted by this Court in Abbott et al. v. Coe, 71 App. 
D. C. 195, 109 F. 2d 449. 

The objections raised by the appellant fall short of 
that goal, it is submitted, either in having no direct 
bearing on the issue or in lacking basis in fact. 


THE OBJECTIONS RAISED BY APPELLANT DO NOT 
POINT TO ERROR IN THE DISTRICT COURT DECISION 

Appellant’s grounds for urging error in the District 
Court decision fall into two groups, those relating to 
professed individual defects in the Benner et al. or 
Smith furnaces and those relating to alleged impro- 
priety in combining the cited disclosures. 

Admitting that both the Benner et al. and the Smith 
furnace may be inferior to appellant’s for the treat- 
ment of a batch of articles, mere improvement does 
not spell patentability. The question is, rather, whether 
the improvement was achieved by an obvious or an 
unobvious step forward from what was known, Stand- 
ard Oil v. Marzall, 86 U.S. App. D.C. 210, 181 F. 2d 
280. Appellant’s criticism of the Benner et al. opera- 
tion (Appellant’s Brief, pages 12, 13, 14, 34, 35, 36), 
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even if justified (which it is not, as shown below), 
would seem to have no pertinency to the actual issue. 

Even for whatever slight bearing it might have on 
the case, it seems clear that appellant’s criticism of 
the Benner et al. furnace is unjustified. The calcu- 
lations upon which appellant bases the conclusion that 
Benner et al. achieve no gain in the heating cycle are 
derived from test results set forth in column 2 of page 
3 of the patent. Benner et al. there describe tests of 
furnaces of differing types of walls to determine which 
would transfer heat to the work most quickly. This 
description relates to a series of test runs only and was 
not intended to indicate how the furnace would nor- 
mally operate with successive batches. : 

To arrive at the conclusion that there would be no 
gain in the total heating cycle, appellant must assume 
that the charge absorbs all of the heat stored in the lin- 
ing and none remains for use in the next heating 
period. Such a conclusion, of course, finds no support 
in the Benner et al. disclosure and is contrary to com- 
mon sense. Likewise, it is not reasonable, as the only 
other alternative, that Benner et al. would deliberately 
wait until the furnace had completely cooled before 
starting another heating cycle and thereby waste use- 
ful heat stored in the furnace lining. 

Appellant’s caleulations (Appellant’s Brief, pages 
12, 13, 14) based on the Benner et al. tests serve to 
prove only that which should be self-evident. If it be 
assumed that the heat loss is the same for all the 
furnaces tested, and the rate of heat input is the same, 
both of which assumptions are made by the appellant, 
it is simply a matter of logic that the time for impart- 
ing a given amount of heat to an ingot would likewise 
be the same, no matter what type of furnace walls is 
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employed. Such a conclusion is obvious without the 
need of calculation. 

In actual operation, the Benner et al. lining 6, after 
giving up a large part of its stored heat to the charge, 
would receive and store heat during the last part of 
the heating period, just as does appellant’s heat ab- 
sorber. Such action would be inherent in the Benner 
et al. operation, as described on page 3 of the patent, 
column 1, lines 51 to 57. Appellant’s criticism of the 
reference furnace is believed, therefore, to be unjusti- 
fied. 


APPELLANT’S OBJECTIONS TO THE MODIFICATION OF 
THE BENNER ET AL. FURNACE ARE WITHOUT 
SUBSTANCE 

Smith’s expressed warning against the use of high 
capacity material in his furnace, relied on heavily by 
the appellant (Appellant’s Brief, page 29), is believed 
to furnish no ground for questioning the District Court 
reasoning. Not having the benefit of the later teach- 
ing of Benner et al., Smith failed to recognize that a 
lining of high heat capacity would actually help pre- 
vent overheating, rather than cause it. Any state- 
ment by Smith contrary to the suggested modification 
of Benner et al. would seem to be overcome by the 
teaching in the later patent that ‘‘The power input 
can be doubled and the additional heat transferred to 
successive charges without overheating the furnace 
* * *? (page 2, column 1, lines 35 to 38). 

Nothing contrary to the District Court’s reasoning 
can be inferred from the failure of the art, as exempli- 
fied, for example, by the Tauber patent (see Appel- 
lant’s Brief pages 37 and 38), to show the proposed 
modification of Benner et al. Such inference could be 
drawn only upon a showing that the Benner et al. 
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patent was widely known in the art. The record af- | 
firmatively shows that such was not the case. (App. | 
137). | 

Appellant’s contention (Appellant’s Brief, begin- 
ning at the bottom of page 30) that the addition of a - 
fan to Benner et al. ‘‘would appear ridiculous to those | 
skilled in the art’’ is based on the assumption that 
Benner et al. must be limited to radiant heating and | 
to the treatment of a one-piece ingot. The issue to be 
decided, however, is whether it would be inventive to 
adapt the reference furnace to batch treatment by con-_ 
vection. The structure on which the objection is based 
is not that which the District Court proposed in its 
decision. ! 

There is no support, moreover, for the appellant’s | 
objection that Benner et al. provide nothing to screen | 
the work from excessive heating by direct radiation. 
The walls of the container supplied to support a batch 
in Benner et al. would furnish such a screen. : 

Dow’s application discloses no additional screen and 
the claims call for none at all. : 


THE METHOD CLAIMS DEFINE NOTHING PATENTABLE 


The method claims (claims 30 to 38, app. 41 to 45). 
are believed to present no issue of patentability dis- 
tinct from that presented by the apparatus claims. | 

The Board of Appeals suggested (App. 56) that the 
method claims appear to depend primarily on the re- 
sults achieved by appellant’s apparatus. It is believed 
that consideration of a typical method claim will con- 
firm the accuracy of this conclusion. Claim 30 reads 
as follows: 3 


‘*A method of heat treating a batch of pieces of 
work in a confined atmospheric medium of a batch 
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type furnace in which heating means are exposed 
to said medium for heating the same and which 
method comprises arranging a batch of pieces of 
work in said atmospheric medium to absorb heat 
therefrom, then transferring heat to said work at 
a relatively high rate by recirculating said medium 
in a predetermined path over said heating means 
and through said batch of work, and then reduc- 
ing the rate at which heat is transferred from said 
heating means to said batch of work; said method 
involving the heat transfer to said batch of work 
at such rate that the rate of heating said batch of 
work is great enough to produce a relatively 
large temperature gradient in the batch of work 
during the first part of the work heating cycle, and 
low enough during the latter part of the work 
heating cycle to decrease the temperature gradient 
in said batch of work until the control tempera- 
ture of said batch of work is approached.”’ 


Benner et al. teach the expedient of transferring 
heat to the work at a high rate at the start of the 
heating period (page 2, column 1, lines 55 to 59) and 
such rate of heat transfer would inevitably drop, as 
specified in the claim, when the charge temperature 
approaches that of the heating means. The remainder 
of the claim seems to call for nothing more than that 
which would be the inherent result of providing Benner 
et al. with a gas circulating means. As indicated above, 
the prior art suggests the addition of this means as a 
logical extension of the Benner et al. teaching. 

The Benner et al. furnace, if provided with a fan, 
seemingly must operate in the manner described in the 
method claims. Those claims, accordingly, present no 
different issue than the apparatus claims and the 
statement quoted (Appellant’s Brief, pages 40, 41) 
from Carnegie Steel v. Cambria Iron, 185 U.S. 423, is 





AppEAL No. 13,758 
STATEMENT OF QUESTIONS PRESENTED 


The appellee disagrees with the appellant’s State-— 
ment of Questions presented. In the opinion of the 
appellee, the questions presented are: 


1. Whether the adaptation of the furnace disclosed | 
in the patent to Benner et al. No. 1,997,622 to the 
treatment of a batch of small articles by providing : 
therein a fan to circulate hot gas through the batch 
would have been obvious at the time the applicant 
Dow devised his furnace to a person having onary 
skill in the metal heat treatment art, and 


2. Whether it would be obvious, in view of prior 
art disclosures, to interpose a heat absorbing element 
between the appellant’s heating elements 28 and the 
work as shown in Figure 3 of the application drawings. 
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believed inappropriate to the facts. More pertinent | 
language is that used by this Court in In re Harris, — 
37 App. D.C. 374: : 


‘“‘That the entire process of applicant is not | 
anticipated in a single reference is unimportant. | 
It is sufficient if his several steps be found in dif- . 
ferent patents.”’ : 


Similar appropriate holdings will be found in| 
Nizon et al. v. Marzall, 87 U.S. App. D.C. 415, In re | 
Lambert et al., 41 CCPA 875, 212 F. 2d 594, In re. 
Larkin, 38 CCPA 896, 187 F. 2d 645. Of particular. 
pertinence is the statement in In re Kepler, 30 CCPA . 
726, 132 F. 2d 130: : 


‘A patent should not be granted for appellant’s | 
discovery of a result that would flow naturally | 
from the teachings of the prior art.”’ | 


CLAIMS 49 TO 52 AND S56 PRESENT NOTHING OF A 
PATENTABLE NATURE OVER THE OTHER APPARA- 
TUS CLAIMS : 

Claims 49 to 52 and 56 define the structure of Fig. 
3 in appellant’s drawings (App. 36) wherein a part of 
the heat absorber 34 is arranged both inwardly and 
outwardly of the heating tubes 28. Appellant’s device 
shown in Figure 1 includes no such arrangement. 

As a reason for allowing these claims separate from 
the broad issue of patentability over Benner et al., 
appellant’s brief on pages 39 and 40 urges that addi- 
tional areas are thereby provided for absorption of 
heat, and a tunnel is created for the passage of the cir 
culating medium. 

Fitz Gerald and Kelleher, as previously er | 
show their heating elements surrounded by heat ab- 
sorbing walls of silicon carbide. Thus, if a suggestion 
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were needed of such an obvious way to create addi- 
tional areas for heat absorption, it is found in the art. 

Appellant’s argument on the basis of ‘‘tunnels’’ 
formed by the heat absorbers is supported by Figure 3 
of the application drawings. Contrary to the sug- 
gestion on page 39 of her brief, no such support can 
be found in the claims. No one of claims 49 to 52 and 
56 uses the word ‘‘tunnel’’ or recites structure which 
would necessarily result in one. Thus, even if pat- 
entability could be based on that feature, this could 
not lead to the allowance of the claims. 


CONCLUSION 


For the reasons given, it is submitted that claims 
30 to 48 call for nothing more than a logical extension 
of the Benner et al. heat storage principle to the batch 
treatment art and that Smith would teach the struc- 
tural modification required by that extension. 

Claims 49 to 52 and 56 add an obvious detail which, 
in any event, would be suggested by the patents to Fitz 
Gerald and Kelleher. 

The record, therefore, fails to show error on the 
part of the District Court and its decision in this case 
should be affirmed. 


Respectfully submitted, 


CLARENCE W. Moore, 
Solicitor, 
United States Patent Office, 
Attorney for Appellee. 


S. Wm. Cocuran, 
Of Counsel. 
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APPELLANT'S REPLY BRIEF 


A suit under Title 35, Section 145, against the Commissioner of 
Patents to obtain a patent is a de novo proceeding. In this case 
material uncontradicted evidence adduced by Dow before the trial court 
(and which was not before the Patent Office) establishes that the basis 
of the Patent Office decision is erroneous. The trial court, greatly 
impressed with the "presumptive correctness" of the Patent Office de- 
cision, largely ignored the evidence, "rubber stamped" the Patent 
Office decision, and entered crucial findings, particularly Nos. 3 and 
7, which are contrary to the evidence. However, as held by Circuit 
Judge Miller of this court in Stradar et al v. Watson, (decided May 13, 
1957), 113 USPQ 365, ina similar situation where plaintiffs introduced 


material, uncontradicted evidence, which was not presented to the 
Patent Office: | 
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PY bias i the District Court was not controlled by the 
presumption of correctness which attaches to 
Patent Office action, but was free to reach its own 
conclusion on the basis of the fuller information 
which was before it." 

By now asserting that appellant cannot prevail here if "there is 
found to be a rational basis for the conclusions approved" by the Patent 
Office , defendant perforce admits the errors in the trial court's findings 
(which he persuaded the trial court to adopt) and now seeks to find a 
"rational basis’* for the Patent Office's decision. As we will show, 
defendant's current attempt to rationalize the Patent Office decision is 
based upon a misconception of the evidence and a superficial treatment 


of the disclosure of Benner--a crucial reference. 


Thus defendant erroneously asserts (D B 4 and 7) the ultimate 
question (as to the broader claims) to be--"whether it would be unobvious 
to extend THE USE of Benner's furnace to the treatment of a batch of 
‘small articles." --thereby implying that appellant is seeking to patent 
merely a new use of Benner's radiant heating furnace--whereas Dow's 
convection furnace is novel, and defendant concedes (D B 9) "'that 


Benner's furnace unchanged would not be adapted for such use". 


The Dow heat treating furnace as defined in the claims is 
essentially a convection furnace in which means are provided for 
supporting a batch of pieces of work to be heat treated in the furnace 
chamber so as to force the furnace gas to circulate through the batch 
of work for heating the same, a fan being provided for effecting such 
circulation. Dow's furnace further includes heating tubes and heat 
absorbing material, heated by radiation from the heating tubes. The 
fan circulates the furnace atmosphere over the heating tubes and the 
heat absorbing material, and then through the batch so that the work is 
_ heated by convection as distinguised from radiant heating as in Benner. 
_ After a batch of work is processed in the furnace chamber, the furnace 
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will, because of the invention here involved, be up to its operating tem- 
perature and ready immediately to receive another batch (R 144) without 


any preheating interval, as in Benner. 


While the claims do not in terms specifically recite that the work 
is shielded from heating by radiation, they do specify that the gaseous 
circulating medium in the furnace transfers heat by convection from the 
heaters and heat absorbing elements to the work, and that the heat ab- 
sorbing element has a certain capacity with respect to the charge for 
transferring heat to the circulating medium, thus clearly indicating 
that in Dow's furnace the heating is essentially by convection as 
clearly disclosed in the Dow application. Method claims 30-38 
specifically recite a method of transferring heat by convection (circu- 
lating the furnace atmosphere through the batch). Claim 49 specifies 
that the walls of the heat absorbing element are disposed with respect 
to the work both inwardly and outwardly of the heating units; claims 50 
and 56 specify that the heat absorbing element forms walled enclosures 
about each of the heaters; and claims 51, 54, and 55 specify that the 
wall or walls of the heat absorbing element are disposed between the 
heating units and the work. Thus, in addition to clearly indicating in 
all of the claims that the work is heated essentially by convection, 
claims 49-52 and 54-56 specify structure which clearly excludes ex- 
posure of the work to direct radiation. Thus the remark, (DB 5, par. 3) 
that work in applicant's furnace could be exposed to direct radiation, 


does not fairly reflect the claimed invention in which heating of the 


work by direct radiation forms no part! 


DOW'S NOVEL CONVECTION HEATING FURNACE 
ACHIEVES GREATLY IMPROVED RESULTS 


In Dow, because of the heat stored in the heat absorbing material, 
the batch is heated by convection very quickly at the first part of the 
heating cycle due to the heat added to the circulating furnace atmos- 
phere from the heat absorbing material. After a substantial amount of 
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the heat has been removed from the heat absorbing material by the 
circulating atmosphere, such material acts as a sort of brake on the 
heating of the load and slows down the heat when the top of the load 
approaches control temperature, thereby reducing the temperature 
gradient through the load and thus promoting greater uniformity in the 
work (R 84 and 116). After the first part of the heating cycle, when the 
high heat capacity material gives off heat to the furnace gas, such 
material absorbs heat from the heating tubes, thus reducing the amount 
of heat available for heating the load, and the heat so absorbed by the 
high heat capacity material thus recharges it so that the furnace will 

be ready for the next batch to be inserted immediately upon the removal 
of the batch in the furnace. "There is no time loss for reheating these 
walls". (R117). 


As shown by the evidence, Dow's claimed techniques have sub- 


stantially advanced the art: 


(A) By substantially reducing the temperature gradient 
through the work being processed, thereby achieving substantial and 
uniform heat treating results; 


(B) By substantially reducing the overall time for process- 
ing each batch due to reducing the time required to equalize the temp- 
erature of the load at control temperature, thereby materially increas- 
ing the output of the furnace; and 


(C) By substantially reducing the average operating temp- 


erature of the heating tubes, thereby increasing their useful life. 


THE BENNER ET AL FURNACE CANNOT ACHIEVE 
DOW'S NOVEL AND IMPROVED RESULTS 
Benner's furnace, on the other hand, is a radiant heating furnace 
in which the work is heated by radiation and conduction, and there is no 
showing that Benner's furnace achieves any of the new results achieved 
by the claimed Dow furnace. In fact, we have shown the contrary. 
Benner prefers to preheat and overheat (p. 3, col. 1, line 58 et seq.) 
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his furnace for "the rapid heating of intermittent charges" (p. 4, col. 
1, line 9). : 

While Benner makes some mention of operation, 'Even when the 
furnace is not charged intermittently" (p. 2, col. 1, line 49) -- as 
“under the most severe conditions which occur when both the load and 
the furnace are heated simultaneously from a cold start" (p. 4, col. 1, 
line 13), it is clear that under such conditions when no preheating 
occurs, the entire heat for the lining, as well as for the load, must 
come simultaneously from the heating elements. Under such conditions 
it obviously would take longer to heat the load and the high heat con- 
ductivity lining to 1000° C than the 90 minutes required in the test 
(p. 3, col. 2) of Benner where the load alone is heated under much 
more favorable conditions in a furnace with ordinary insulation pre- 
heated to 1350° C. : 


If we assume that Benner's furnace using the high heat capacity 
lining is charged with a load (equal to that used in the tests described 
on page 3, col. 2) immediately after a heated load is removed from the 
furnace, but without any preheating interval, then such load possibly 
could be heated in less than the 90 minutes above mentioned by absorb- 
ing some heat from the lining, and the time required under such con- 
dition would depend on the temperature and amount of heat stored in 
the lining. But with such a mode of operation the heat stored in 
Benner's lining would soon be exhausted or spent, and the high heat 


capacity lining would soon be at a temperature where it, as well as the 


load, would have to be heated by the heating elements alone when the 


charge was in the furnace. 


Without preheating Benner does not claim, and cannot get, rapid 
heating of the load, and the only asserted advantages then of Benner's 
furnace when the furnace is not charged intermittently are more uni- 
form lining temperatures (p. 2, col. 1, line 49) and "more uniform 
temperature on the different sides of the load" (p. 4, col. 1, line 11). 
Thus the possible alternative mode of operation recognized by Benner, 
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although confused by Defendant with Benner's preferred mode of opera- 
tion, may be disregarded here as it is even less relevant than Benner's 
furnace operated in accordance with his preferred method. 
DEFENDANT HAS MISCONSTRUED THE PLAIN 
TEACHINGS OF BENNER AND HAS IGNORED 


THE UNDISPUTED EVIDENCE AND FINDINGS 
RELATING TO OPERATION OF BENNER'S FURNACE 


Defendant erroneously asserts (D B 5 and 11) that the tests des- 


cribed by Benner (p. 3, col. 2)--in which his radiant furnace was 


allowed to run empty until a temperature of 1350° C was attained--is 


not characteristic of the normal operation of Benner. However, 


Benner states: 


"In operating our furnace we prefer to raise the temp- 
erature of the heating chamber while it is still empty 
to a value in excess of that to which it is desired to 
heat the load which is to be placed therein." (p. 3, 
col. 1, lines 58-62) * * * "After the desired preheat 
temperature has been reached, the load is inserted in 
the heating chamber." (p. 3, col. 1, line 64 et seq.) 


* * * * *” * 


"One of the chief advantages of our furnace is the re- 
tention of useful heat during idle periods, and the almost 
immediate transfer of this heat to the cold charge when 

the latter is inserted in the furnace. In order to make 
such a method of operation effective, it is desirable to 
operate the furnace at a continuously high power input, and 
and to proportion the lining so that this excess heat 

will be absorbed into the lining during the average idle 


period without overheating the furnace." (p. 2, col. 1, 


lines 55-65.) 


Defendant uses such erroneous assertion as a premise for the 
further erroneous and unsupported assertion (D B 5) that Benner "ob- 
viously shortens the heating cycle by taking advantage, in the same way 
as Dow, of heat stored in the furnace for partially heating the next 
charge"; and, as a basis for ignoring the hard fact--shown by plaintiff's 
calculations (P Ex. 7) based on such tests--that when the preheating 
time of Benner is considered, there is absolutely no gain achieved by 
Benner in the overall cycle time. 








7 


Defendant while conceding that appellant's calculations (P Ex. 7) 
based on such tests of Benner, "demonstrate only that which is self- 
evident" (D B 5, 11), erroneously asserts that: "To arrive at the 
conclusion that there would be no gain in the total heating cycle" [of 
Benner, as demonstrated by P Ex 7], "appellant must assume that the 
charge absorbed all of the heat stored in the lining and none remains for 
use in the next heating period". (D B11) Clearly, the writer of de- 
fendant's brief has completely overlooked the testimony (R 98 and 145) 
concerning such calculations, where Holman states: | 

Wau Se we find the length of time it takes to preheat the 


lining from 1000° to 1350°. * * * In the case of silicon 
carbide lining ..... becomes 90.2 minutes." 





Plaintiff's calculations (Ex. 7) also state (R 69a), referring to the heat 
supplied by the silicon carbide lining to the load: 2 


"This heat must be added to the lining during the pre- 
heating from 1000° to 1350° Cc." 


The trial court in its Finding No. 3 (R 147) found that in Benner's 


furnace 


"During idle periods the capacitors [high heat capacity 


lining 6] store heat radiated by the heating elements 
for transfer of heat at a high rate to cold work placed 


in the furnace.", 


thus recognizing Benner's preferred technique of preheating the furnace 





when empty and the heating of intermittent charges as the normal op- 





eration of Benner. Yet, defendant now ignores Benner's normal and 
preferred technique of preheating, and by referring to "successive 
charges" (D B 8 and 11), and by asserting that Benner stores heat in 
the lining during the last part of the charge heating period (D B12), 
asserts a picture of Benner's furnace inconsistent with the trial 
court's Finding No. 3 and the facts, and contrary to Benner's pre- 
ferred method of operation. | 

Defendant's assertion that Benner achieves "a substantial reduc- 


tion in the time required for heating a charge" (D B 3), is thus but a 
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half-truth for there is no gain in Benner's overall heating cycle because 
of the preheating time required. (R 99) See also Pl. Ex. 7 which 
demonstrates that the total cycle time for preheating and for heating 
the load when silicon carbide lining is used, or when ordinary lining is 
used, is 100 minutes in both cases. Defendant concedes (D B 5 and 11) 


that such calculations ''demonstrate only that which is self-evident". 


Defendant's assertion that Benner achieves "'a doubling of the 
power input to the furnace" (D'B 3) is deceptive and beside the point 
and does not alter the fact that Benner preferably preheats and over- 
heats the furnace when it is idle, as we have shown in plaintiff's Ex. 7; 
or the fact that the preheating time is obviously and directly related to 
the output of the silicon carbide resistors. Benner claims an increase 
in power input "during idle periods" (p. 2, col. 1, line 38), and states: 

"One of the chief advantages of our furnace is the re- 
tension of useful heat during idle periods, and the almost 
immediate transfer of this heat to the cold charge when 
the latter is inserted in the furnace. In order to make 
such a method of operation effective, it is desirable to 
operate the furnace at a continuously high power input, 


and to proportion the lining so that this excess heat will 
be absorbed into the lining during the average idle period 


without overheating the furnace." (p. 2, col. 1, lines 55-65) 

In using the term "power input can be approximately doubled," 
Benner means "additional heat" (p. 2, col. 1, line 36), or "excess 
- heat’ (p. 2, col. 1, lines 39 and 62), and it is clear from Benner's 
statement (p. 2, col. 2, line 20) that Benner's increase in power input 
or excess heat is achieved primarily by prolonging ''the idle period of 
the furnace much beyond the normal period" and overheating "while 
it is still empty to a value in excess of that to which it is desired to 
heat the load" (p.3, col. 1, line 60). Benner in speaking of approxi- 
mately doubling the power input thus means prolonging the idle period 
much beyond the normal period and preheating and overheating so as 
to store excess heat in the high heat capacity lining 6. The power input 


in calories per minute is in fact not increased in Benner's furnace 
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uSing silicon carbide lining as compared with insulation or any other 


lining, and references to "doubling" the power input appearing in the 
Benner patent and throughout defendant's brief are expressly refuted by 
Benner's own statement appearing at page 3, column 2, lines 1 to 8, 
wherein Benner says that the electrical energy supplied by the resistors 
is supplied at the same rate regardless of which kind of lining is used. 
Thus the lower Court's Finding No. 3, to the effect that Benner enables 
"doubling"' the power input to reduce the heating cycle time, is clearly 
erroneous. Benner does not teach doubling the power input except in 
the sense of prolonging the idle or preheating time in order to allow 
more calories to be put back into the silicon carbide lining. However, 
Benner's technique of overheating the furnace lining during the pre- 
heating period would aggravate the problem of secur ing temperature 
uniformity through the load (R 103) and requires the operation of the 
heating elements at excessively high temperatures, both of which are 
highly objectionable in the type of operation for which Dow's furnace 
was designed and intended. Benner recognizes that the power input of 
the heating elements cannot be increased when the charge is in the 
furnace, for he states: 
if the power is increased to a value sufficient to 

effect rapid heating, the parts of the charge exposed to 

direct radiation become overheated or 'burned'’. (P. 1, 

col. 2, line 23.) 

Critical to Benner's concept of heating solely by radiation and 
using high heat capacity lining 6 for storing heat during preheating 
when the furnace is empty, are silicon carbide resistors (specified in 
all of Benner's claims), the characteristics of which are such that: 

"When the temperature of the lining 6 is low, the resis- 
tor temperature also tends to fall and its resistance 
drops, so that the rate of heat input to the lining is 
relatively more rapid at such times and is automatically 
tapered off by the resistor as heat is stored in the 


lining and as the furnace temperature approaches the 
desired maximum." (P. 3, col. 1, lines 51-57.) 
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Thus, as the desired preheating temperature is approached, the 


heat output of the silicon carbide resistors tapers off. Thus, Benner's 
claim to increasing the power input, as well as Benner's ability to in- 
crease the power input, are circumscribed by the characteristics of 
Benner's silicon carbide resistors, the output of which is automatically 


limited by and in accordance with furnace temperatures. 


In the tests described by Benner (p. 3, col. 2) where ''The bene- 
fits resulting from our method of furnace construction can be best 
illustrated", the time required for preheating when the high heat 
capacity lining is used--as shown by Pl. Ex. 7--demonstrates that there 
is no gain in the overall time cycle as compared with a furnace having 
ordinary lining. Significantly defendant has not shown, and Benner does 
not recite, any gain in overall cycle time, if any there be, if increasing 
the "power input" results in any saving when the high heat capacity 
lining is used. 

BENNER'S USE OF SILICON CARBIDE LINING 
DOES NOT REDUCE THE TOTAL TIME CYCLE 

BELOW THAT FOR ANY OTHER KIND OF LINING. 

That Benner's claim to increasing the power input, can only mean 
| adding excess heat by prolonging the idle period of the furnace much 
| beyond the normal period, is conclusively shown by the following cal- 
culations which also confirm the fact that the total time cycle, that is, 

_ the preheating time plus the charge heating time required by Benner's 
furnace, is the same whether Benner's furnace is lined with silicon 
carbide or with ordinary insulation. These calculations, based on pre- 
heating the furnace to 1350° C as specified by Benner (p. 3, col. 2, 
line 26), ignore the temperature drop in the lining and are based on the 
quantities of heat given up by the lining to the charge as specified by 
Benner. 


According to the table on page 3 of the Benner patent, the silicon 
carbide lining (if adequately preheated) supplies heat to the charge at 
a rate of 645,000 cal./min. According to Benner, the time required to 
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heat the charge when such silicon carbide lining is preheated and over- 
heated is 10 minutes, and therefore the heat supplied to the charge by 
such high heat capacity lining is: 

645,000 cal./min. x 10 min. = 6,450,000 cal. 


In the case of the insulation lining, again according to Benner's 
table, heat is supplied to the charge at a rate of 8,000 cal./min. by 
the preheated insulation lining for a period of 90 minutes. The heat 
supplied to the charge by the insulation lining is therefore: 

8,000 cal./min. x 90 min. = 720,000 cal. 


Let the average rate in cal./min. at which heat is supplied by 


the heating element = Qg cal./min. 


Heat is supplied to the charge by the heating element in both 
cases, and, since Benner (P. 3, col. 2, lines 1 to 8) says that the 
heating element supplies heat at the same rate regardless of which 
lining is used, then the total heat supplied to the charge to bring it 
up to the required 1000° during the 10-minute aia period with 
silicon carbide lining is: 

(1) 6,450,000 - 10 Qp 
and the total heat supplied to the charge in the 90- minute heating 
period with the insulation lining is: 

(2) 720,000 -4 90 Qr 


Since the charge is heated to the same temperature and there- 


fore must absorb the same number of calories of heat (whether from 
the lining or the heating element) no matter which kind of lining is 
used, then equations (1) and (2) must represent equal quantities and 
therefore 

6,450,000 -— 10 Qp = 720,000 ~ 90 Op | ! 
Solving the above equation for Qp, which is the rate in calories per 
minute at which heat is supplied to the charge by the jon, element, 
we find that: 

Qg = 71,625 cal. /min. 
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In the case of the silicon carbide lining, the 6,450,000 cal. 
supplied therefrom to the charge during the 10-minute heating period 
must be returned to the silicon carbide lining before the next charge is 
placed in the furnace, and this amount of heat in accordance with 
Benner's disclosure, must be returned to the lining during a preheating 


or idle period to raise the lining temperature back to 1350° C. 


The total amount of heat required to heat the charge is: 
6,450,000 cal. ---716,250 cal. = 7,166,250 cal. 


7,166,250 cal. = 716,625 cal./min. average rate at 
10 min. | which heat is absorbed by 
charge using silicon car- 

bide lining. 


The average rate at which heat is absorbed by the charge during the 
90 minutes with the ordinary insulation lining is: 


7,166,250 cal. = 79,625 cal./min. 
min. 


Subtracting 8000 calories a minute, the average calories per minute 
supplied to the charge by the insulation (Benner patent, p. 3, col. 2, 
line 47), from 79,625, the average rate at which heat is absorbed by 
the charge, leaves a figure of 71,625 calories per minute, the same 
average rate at which heat is supplied to the charge by the heating 
element in the case of the silicon carbide lining. 


If the capacity of the heating elements in either case exceeded 
71,625 calories per minute, the charge would not require 90 minutes 
to heat using ordinary insulation, or 10 minutes to heat using high 
heat capacity lining, because the total heat supplied by the lining and the 
heating element to the charge would then be greater than 79 ,625 calories 
per minute, the average rate when ordinary insulation lining is used, 
and 716,625 calories per minute, the average heating rate when the 
high heat capacity lining is used. 


The temperature in the furnace when the cold load is being heated 


from 25 - 10009 C is less than when the furnace is being preheated 
from 1000 - 13509 C. Since Benner makes it clear that the output of 
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the heating elements decreases as the furnace increases to the de- 
sired maximum, it follows that the heat output of the silicon carbide 
resistors is greater during the heating of the charge from 25 - 10009 C 
when the furnace temperature is lower than during preheating of the 
lining from 1000 - 1350° C when the furnace temperature is higher. 

It thus appears that the average heat output of Benner's heater in pre- 
heating the lining would be less than that during the heating of the load. 


However, by using the foregoing average of 71,625 calories per 
minute as the average output of the heaters during the time that the 
charge is in the furnace, it must take Benner at least 90 minutes to 
recharge a high heat capacity lining. Since the entire output of the 
heating elements of Benner is required, along with the stored heat 
given off by Benner's high heat capacity lining, to heat the charge in 
10 minutes, defendant's assertion, without more, (D B 12) that Benner's 
lining ''would receive and store heat during the last part of the [charge] 
heating period," is but another unsupported assertion on which de- 
fendant now hopes to rationalize the Patent Office decision. 


Thus, Finding No. 3, that Benner "By using heat capacitors of 
high heat conductivity ..... double[s] the power input to the furnace 
and thereby shorten[s] the usual heating cycle", is contrary to the 


evidence and the facts. 


Defendant infers (R 144) that Benner's long period of preheating 
might be lessened if Benner's heating elements had greater heating 
capacity. While this might cut down the preheating time, it would not 
change the ratio between the preheating time and the time that the load 
is in the furnace (R 145), and defendant overlooks the fact that Benner 
recognized that "if the power is increased to a value sufficient to effect 
rapid heating, the parts of the charge exposed to direct radiation be- 
come overheated or 'burned'." (Spec., p. 1, col. li, line 21) 
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BENNER'S FURNACE IS NOT SUITABLE FOR 
BATCH TYPE HEAT TREATING OPERATIONS 


Defendant's assertion that Benner applies heat more uniformly to 


the charge and maintains an even temperature throughout the furnace 


(D B 3) is deceptive and irrelevant here. Benner makes it clear that 


by distributing high heat capacity lining all around the furnace chamber 
he "produces a much more uniform temperature on the different sides 

of a load" (p. 4, col. 1, line 13), but this does not mean, as implied 

by the defendant, that Benner thereby reduces the temperature 

gradient through the load. Simultaneously heating all surfaces of a solid 
load by radiation or conduction bears no relation to the problem of 
equalizing the temperature through a batch load of loose pieces by the 
circulation of furnace atmosphere through the load since, as pointed 


out by Holman, if a tray of pieces were put in Benner's furnace, 


the pieces at the outside, or the top of this tray, or 
basket would be heated very quickly and, as a matter of 
fact, they would be severely overheated. They would 
be heated to a temperature approaching the temperature 
of the inside of the furnace, roughly, 1350 degrees, 
since the furnace has already been pre-heated. How- 
ever, the pieces not at the outside of the box, the pieces 
that are shielded from the direct radiation from the 
heating element, they are in the shade, so to speak, 
they would heat very slowly, and they would only heat 
by conduction between the pieces, and if two pieces 
are only touching at one point, very little heat can 
travel through that one point. So, consequently, only 
the pieces at the outside or the top of this basket or 
tray will receive any significant amount of heating, 
unless they were left in the furnace for a very great 
length of time. Ultimately, of course, they would 
all be about equal in temperature. * * * But it would 
take many hours to do it." (R 101-102) 


Defendant concedes (D B 8) that applying radiant heat uniformly 
is of no advantage in batch treatment. 
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THE PRIOR ART DOES NOT SUGGEST THE USE OF 
HIGH HEAT CAPACITY MATERIAL IN A CONVECTION 
FURNACE FOR BATCH TYPE HEAT TREATING 
OPERATION AS CLAIMED BY DOW 

Defendant asserts, without more, that Benner discloses attributes 
of his furnace ''which would be of advantage whether the charge was a 
Single piece or a batch of small pieces" (D B 4); yet, defendant con- 
cedes (D B 7) that Benner does not suggest that his furnace be modified 
for use in treating batches of small objects in which the batch of pieces 
would be arranged in a container so as to permit the circulation of hot 
gases through the batch and in which the furnace is provided with means 
to circulate air over the heating element and the heat absorber and 
through the batch of work pieces. Defendant's assertion that the prior 
art suggests that Benner be so modified so as to adapt it for heating a 
batch of pieces by convection is entirely unsupported and directly con- 
trary to the disclosure of Smith, who warns against the use of high heat 
capacity material (Smith patent, p. 3, col. 1, line 6 et seq.). Thus, 
the defendant's assertion is not only wholly unsupported, but is 
directly contrary to the teaching of the art which the defendant would 
brush off on the ground that Smith was mistaken as to the effect of 
high heat capacity material. It is evident that the defendant is the one 


who is mistaken in this case. 


Defendant asserts, without more, that the Smith patent would 
suggest the addition of a fan to the Benner furnace for convection 
heating of a batch of small articles (D B 4). In making this assertion 
the defendant overlooks the fact that in view of the enormous differences 
in the effectiveness of radiant heating and convection heating (R 101), 
the addition of a fan to Benner for circulating his atmosphere would 
produce no useful result (R 100). Even if a fan were added to Benner, 
Benner's radiant heating furnace would still remain highly undesirable 


for the use and purpose for which the Dow furnance is intended because 
of (1) the highly objectionable radiant heating of the work with its 
attendant over-heating of the exposed surfaces of the work; (2) the 
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objectionable technique of greatly overheating the furnace during the 
preheating period; and (3) the long idling of the furnace during the pre- 
heating period. Defendant is silent as to how these problems would be * 
handled. It is incongruous for Defendant to assert that the overheating 
of the work in Benner due to radiation could be obviously eliminated by 
interposing a shield (as in Kelleher and FitzGerald) between the heaters 
and the work, because Benner's primary method of heating is by radia- 
tion from the heaters as well as from the lining. As stated by Judge 4 
Hand in Block v. Nathan (CA 2), 9 F. 2d 311: 
"An earlier device which must be distorted from its 
obvious design cannot be an anticipation." 
The suggested modification of Benner is directly contrary to the teach- 
ing of Benner and would defeat the very purpose of Benner. To so state ‘ 
defendant's contention is to demonstrate its absurdity. Note that Benner 
(p. 1, col. 1, par. 2 and 3) describes and rejects the Kelleher and 
FitzGerald arrangements where conducting refractory is interposed 
between the heaters and the work. While Benner's furnace conceivably 
might be used for radiant heating of pieces in a single layer on the floor 
of the furnace as was known in radiant heating furnaces at the time that A 
Dow entered the picture (R 63), if Benner's techniques of overheating 
and preheating were eliminated, such a furnace has no practical utility . 
for operations of the type for which the Dow furnace is adapted, as the 
need for increased and economical production has obsoleted radiant 
heating for batch controlled atmosphere furnaces. As stated in the 
Dow article, Pl. Ex. 6 ( R63), radiant heating involves 
"single layer heating with its attendant drawbacks-- 
namely, continuous attention of the operator, anda 


very large furnace for case depths of more than .001 
or .002 inch." 


THE REJECTION OF THE METHOD CLAIMS IS UNWARRANTED ” 


The Board of Appeals affirmed the rejection of the method claims 
on the ground that they are \ 
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ree es largely functional and whatever results are ob- 
tained must be largely due to the operation of the 
furnace with the heat storing silicon carbide material 
therein. The results achieved by appellant and 
stressed by him, mainly, reduction of time in heating 
the metal articles and uniformity of heating, are fully 
described by Benner et al." (R 56) 


This decision was "rubber stamped" by the trial court. We have shown 
that the uniformity of heating of Benner is not the same as, or the 
equivalent of, reduction of the temperature gradient through the load, 
and in addition that Benner's reduction of time in heating the metal 


articles is not true when the overall cycle time is considered. 


The method claims are not merely the function of the furnace, as 
method claims 30 and 31 make no reference at all to the high heat 
capacity material. As previously pointed out, all of the method claims 
are directed to a method of convection heating of a batch of pieces of 
work in which the furnace atmosphere is circulated through the batch 
of pieces of work. The furnace of Benner is not a convection heating 
furnace, and in view of the enormous differences in the rate of heat 
transfer between convection heating and heating by radiation (R 100 and 
101), the suggested addition of a fan to Benner would appear to be 
frivolous to one skilled in the art. It would be as reasonable to hitch a 
team of horses to a locomotive of a freight train to help pull the train 
as it is to add a fan to Benner for transferring heat to the load by con- 
vection when it is already being heated many times more rapidly by 


radiation. 


All of the method claims specify the step of reducing the rate at 
which heat is transferred by convection to the work such that the rate 
of heating the work is great enough to produce a relatively large temp- 
erature gradient in the work during the first part of the heating cycle 
and low enough during the latter part of the heating cycle to decrease 
the temperature gradient in the batch of work until the control temp- 


erature is approached, as recited in claim 30. 
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Claims 32-38 inclusive in addition all specify the method of 
transferring heat by convection from the high heat capacity material to 
the work. There is no reference in the art which discloses this step. 


‘Benner does not heat by convection. Thus, the case of In re Harris 


cited by the defendant is wholly inapplicable. There the steps were 
all old, which is not true in this case. 


Likewise, In re Keppler, cited by the defendant, is wholly inap- 
plicable. Defendant is merely "wishfully thinking" when he asserts 
that the method here "would flow naturally from the teachings of the 
prior art."’ The fact is that we have shown the teachings and facts of 
the art to be contrary to the teaching of Benner and to the suggested mod- 
ification of Benner in view of Smith. Thus the authorities relied upon by 
the defendant merely beg the question and do not face the issues before 
this Court. 


We think the situation in Ex parte Stephanoff (P. O. Bd. of App., 
June 1948), 81 USPQ 565, applicable here. In that case the method 
claims were rejected as involving merely the function of the apparatus 
of the allowed claims, and in allowing the method claims the Board 
stated: 


"We are not in agreement with this view that merely 
because the method claims embody the essential 
feature of the allowed apparatus claims they are not 
permissible. To follow this viewpoint to a logical 
extreme would necessarily establish a preference 
for one such type of claim over the other, and pro- 
hibit the simultaneous presentation of both method 
and apparatus claims. It is the existing practice to 
permit, in proper cases, the presence of both types 
of claims, it being evident that an inventive concept 
may have aspects of both apparatus and method, 
each capable of patent protection. 


"While it may, in proper instances, be held that 

method claims are but expressions of the function or 
operation of an apparatus, such is not clearly the case 
here. In the situation before us we find no method claims 
which are coextensive method counterparts of corres- 
ponding apparatus claims. While this may not be the 
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sole test, the absence of this at least persuasive con- 
dition would avoid this possible basis for adherence to 
the instant rejection. . 


"Here, as argued by appellant, it is not apparent that 
the method involved need be restricted to any one par- 
ticular apparatus, but it is conceivable that it may be 
carried out with the use of many and different appara- 
tuses. Appellant discloses several different forms which 
his apparatus may take and it appears that’ still dif- 
ferent forms might be evolved for the method as de- 
fined. We therefore do not find the method claims to 
be so restrictive in character as to be merely descrip- 
tive of the manner of operation of any particular 
apparatus, and the rejection on such ground is not 
affirmed." (81 USPQ 567) ! 


The situation here is even stronger than in the Stephanoff case, 


as no apparatus claims have been allowed here: 


THE REJECTION OF THE SPECIFIC CLAIMS 49-52 
AND 54-56 IS ENTIRELY UNWARRANTED 

Claims 49-52 and 54-56, contrary to the assertion of the de- 
fendant (D B 15 and 16), all define structure in which the high heat 
capacity material forms a tunnel about the heating elements through 
which the furnace atmosphere is circulated. In Kelleher and in 
FitzGerald, as in Benner, heating is entirely by radiation or conduction, 
and in Kelleher and in FitzGerald the walls between the heating elements 
and the work were interposed to prevent the circulation of atmosphere 
from the furnace chamber over the heating elements. It is preposter- 
ous for the defendant to assert that claims such as 49-52 and 54-56 are 
an obvious adaptation in view of Kelleher or FitzGerald where the con- 
cept is directly opposite to that to which the claims here are directed. 
In asserting that these claims do not support the appellant's argument 
as to a tunnel structure for the passage of furnace gases (D B 5), de- 
fendant overlooks the fact that all of the apparatus claims specify that 
the furnace atmosphere is circulated over the heating elements as well 
as the heat absorbing element for absorbing heat therefrom. Thus the 
defendant's comments about the lack of "tunnel" structure in appellant's 
claims are in error. 





20 


THE DEFENDANT'S ARGUMENT AND UNSUPPORTED 
ASSERTIONS FAIL TO MEET THE APPLICANT'S CASE 
AND FORM NO RATIONAL BASIS FOR THE 
DECISION OF THE TRIAL COURT OR OF THE PATENT OFFICE 

In contending that the problem of achieving a minimum tempera- 
ture gradient through the load can be met by the recognized expedient of 
forced circulation of gas through the charge (D B 9), defendant proceeds 
in error and characteristically ignores the facts, for we have shown by 
a comparison (Pl Main Brief 15-19) of Figs. 7 and 8 of the application 
drawings and by the testimony that convection heating as known to the 
art when Dow appeared on the scene was far from satisfactory 

"’,..due to the wide variation in temperature normally 
existing in different parts of the load when approaching 
control temperature, and to the long time interval be- 
tween the first and last pieces of the load reaching 
control temperature."' (R 66, 119-124). 

The Tauber patent (the application for which was filed in 1950), 
assigned to Leeds & Northrup, the assignee of Smith, confirms that 
convection heating had not solved such problem when Dow entered the 
field in 1947. See Figs. 6a and 6b of Tauber and his specification, 
column 4, lines 35-70 inclusive. The Commissioner is in error in ° 
asserting that plaintiff must show that the Benner et al patent was widely 
known in the art (D B 13), since everyone is charged with knowledge of 
the art. However, Benner is assigned to the Carborundum Company, 
purveyors of silicon carbide (Carborundum) for use in heat treating 
furnaces, who obviously would promote the concept of Benner if it 
really had any utility (R 137), and it seems frivolous for the defendant 
to assert as he does that the record does not show that Benner is widely 
known in the art (D B13). FitzGerald refers to Carborundum (p. 1, 
col. 1, lines 35-36), and Kelleher refers to silicon carbide (col. 2, 
line 46), and HEAT TREATING, by Lindberg Engineering Company, 
builders of Lindberg Furnaces, states: 


"Where for years furnace engineers had worked to re- 
duce heat content of furnace linings, principally by the 
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use of refractory insulation, Dow not only put back the 
heavy firebrick walls but added heavy firebrick piers 
as baffles for directing the forced convected gases." 
(R 71 and 73) 

Benner, a patent attorney for the sciiecisidantmaieee cer- 
tainly must have been familiar with the convection furnaces of Leeds & 
Northrup, ala Smith, widely used in heat treating (R 131). If, as de- 
yO fendant now asserts, the use of a fan is an obvious expedient in Benner, 
. isn't it reasonable that Benner would at least have mentioned in his 
specification the possibility or desirability of using convection heating 
of the load in conjunction with his furnace? The fact is, however, that 
he didn't, and for the reason that convection heating has no utility in 
Benner's furnace. It remained for Dow to combine the use of high 
heat capacity material with convection heating, and in view of the im- 
7 portant results achieved by Dow he certainly is entitled to the protec- 
tion of the patent laws for his contribution to the art. 


The Benner patent is concerned primar ily with heating by radia- 
tion. Kelleher and FitzGerald, like Benner, are also primarily con- 
cerned with heating the load by radiation, although all three of these 
references do involve some heat transfer by conduction. The Smith 


patent is primarily concerned with heating by convection. 


Dow has combined radiant heating of high heat capacity material 
with convection heating of a batch load where the circulating furnace 
atmosphere is heated by the high heat capacity material as well as by 
the heating tubes. Dow's convection furnace is a new combination of 
elements and produces important new and useful results (Pl Main 
Brief 5 and 6). Where the results achieved by Dow are not obtained 
by Benner or Smith, how can it be said that the claimed combination or 
method is obvious ? | 


Where is the suggestion (absent applicant's disclosure) that the 
claimed concept is obvious in view of Benner's radiant furnace and 


Smith's convection furnace, two basically different types of furnaces? 
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The speculations and unsupported assertions in defendant's brief form 


no rationale for the Patent Office decision. 


CONCLUSIONS 


We have shown that Dow provides the following significant and 
unexpected advantages over anything disclosed or suggested in the art: 


a: By substantially reducing the temperature gradient through 
the work being processed, essentially uniform heat treating results are 
obtained. (R 121, 123, 124, and Pl's Ex. 8, R 70). 


2. By significantly reducing the overall cycle time for pro- 
cessing each batch due to reducing the time required to equalize the 
temperature of the load at control temperature (R 123), the capacity of 
the furnace is increased thus substantially increasing the amount of 


work which can be processed in the furnace in a given time. 


3. By operating the heating tubes at a significantly lower 
temperature than otherwise possible, the life of such heating tubes is 
substantially increased. (R 122) 


We have also shown: 


A. Benner achieves no gain in the overall cycle time by the 


use of high heat capacity material. 


B. The trial court's Finding No. 3 that 


"By using heat capacitors of high heat con- 
ductivity Benner doubled the power input 
to the furnace and thereby shortened the 
usual heating cycle", 


is erroneous. 

C. Benner's technique of overheating and preheating is 
objectionable and has no utility in connection with reducing the temp- 
erature gradient through a load which consists of a batch of pieces. 


D. The use of radiant heat as a means of heating a batch of 


pieces is objectionable. 
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E. Benner's techniques are of no utility in improving the 


quality of heat treating results. 


F. Benner's techniques do not reduce the average operating 
temperature of the heating tubes, but rather require that the heating 
elements be operated at such a high temperature as to overheat the 
furnace 350° C. above the temperature to which the load is to be heated. 


G. There is no basis for the trial court's Finding No. 7 that: 


"It would not require more than routine talent 
for a furnace designer, in using the Benner et al 
furnace ..... to reduce the temperature gradient 
... by... the provision of a fan to circulate gas 
within the furnace, as taught by Smith." 

and such finding is clearly erroneous where the suggested modification 


is contrary to the teachings and the facts of the art. © 


Thus, the decision of the Patent Office, as well as the trial court, 
cannot be rationalized, and Dow for his contribution to the art is en- 


titled to the grant of a patent containing the claims herein sought. 


It is therefore respectfully submitted that the erroneous judgment 
of the District Court should be reversed and a new judgment entered 


holding the claims here involved patentable over the art. 


Respectfully submitted, 
DORIS B. DOW, Trustee 
E. J. BALLUFF 


3153 Penobscot Building 
Detroit 26, Michigan 


| and 
SOLON B. KEMON 


1331 G Street, N. W. 
Washington 5, D. C. 


Attorneys for Appellant 
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IN THE DISTRICT COURT OF THE UNITED STATES 
FOR THE DISTRICT OF COLUMBIA | 


171 [Filed November 17, 1953] 


DORIS B. DOW, Trustee, 
2708 Glenwood, Royal Oak, 
Mich., 


Plaintiff 


vs. Civil Action No. 5317-53 


ROBERT C. WATSON, 
Commissioner of Patents, 
Washington 25, D.C. 


ume ue a a a a a a a ae ee ee ee 


Defendant 


COMPLAINT 


I 


This action arises under the patent laws of the United States and 
particularly under United States Code, Title 35, Section 145, and is 
brought to obtain a United States Letters Patent based on an application 
for Letters Patent filed in the United States Patent Office by John A. 
Dow (now deceased) on May 6, 1947, Serial No. 746, 277, for "Heat 
Treating Furnace and Method." : 

iu : 

Plaintiff, Doris B. Dow, widow of said John A. Dow, deceased, 
is a resident of Detroit, Wayne County, Michigan, and as Trustee is 
the sole owner of the entire right, title and interest in and to said 
John A. Dow application Serial No. 746, 277, filed May 6, 1947, and 
the invention disclosed and claimed therein, in trust and as guardian 
for the benefit of Herbert Randall Dow, a minor, John B. Dow, a minor, 


2 
and Doris B. Dow, by virtue of an assignment dated March 23, 1950, 
172 : from Doris B. Dow, Administratrix of the Estate of John A. Dow 
pending in the Probate Court in the County of Oakland, State of Michigan, 
U.S. A., to Doris B. Dow, Trustee and as Guardian for Herbert Randall 
Dow and John B. Dow, minor children of said John A. Dow and Doris B. 
Dow, and Doris B. Dow. Said assignment was recorded in the United 
States Patent Office on March 25, 1950, at Liber M223, Pages 3-7. 
Profert of said assignment is hereby made. 
Til 
Defendant, Robert C. Watson, Commissioner of Patents, is being 
-sued in his official capacity, and in such capacity is subject to the juris- 
diction of this Court as provided in Title 35 U.S.C. Section 145. 
IV 
Said John A. Dow being the original, first, and sole inventor of 
the improvements in Heat Treating Furnace and Method as disclosed 
and claimed in his aforesaid application for Letters Patent Serial 
No. 746, 277, duly filed such application ia:the United States Patent 


Office on May 6, 1947. Profert of a certified copy of such application 


_ and of the Official actions and amendments pertaining thereto is hereby 
made. 
V 
On September 21, 1953, the Board of Appeals affirmed the action 
of the Primary Examiner finally rejecting claims 30 through 56, all of 
the applicant's claims, on the ground that the same were unpatentable 
over the following references: 
173 Kelleher 1, 637, 486 
Fitz Gerald 1, 646, 058 
Smith 1, 721, 840 
Benner et al 1, 997, 622 
VI 
No appeal has been taken to the United States Court of Customs 
and Patent Appeals from said decision of the Board of Appeals, of 
September 21, 1953. 
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VI 

Plaintiff assents that said John A. Dow was the original and first 
inventor of the subject matter claimed in said application and that 
plaintiff is entitled under the law to the issuance of a United States 
Letters Patent based on the aforesaid Dow application and containing the 
finally rejected claims 30 through 56. : 

Plaintiff therefore asks this Court: : 

1. To declare that said John A. Dow was the original and first 
inventor of the subject matter claimed in said application, and that 
plaintiff is entitled to the issuance of a United States Letters Patent 
based thereon. , 


2. To authorize and direct the Commissiorer of Patents to issue 


to plaintiff a United States Letters Patent containing the claims refused 
by the Board of Appeals. : 
3. For such other relief as she may be entitled to under the 


provisions of Title 35, U.S.C., Section 145. 


/s/ Doris B. Dow 
Trustee 


/s/E. 3. Balluff 
Attorney for Plaintiff | 
3358 Penobscot Building 
Detroit 26, Michigan — 


Of Counsel 
/s/ Donald E. Lane 


1331 G Street, N. W. 
Washington 5, D.C. 
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174 [Filed November 27, 1953] 


ANSWER TO THE COMPLAINT 


To the Honorable the Judges of the United States District 
Court for the District of Columbia. 


I, I, Il. The defendant admits the allegations of paragraphs I, 
0, and I of the complaint 

IV. He denies that John A. Dow was the original, first, and 
sole inventor of the subject matter here in issue within the meaning 


of the patent statutes. He admits the remaining allegations of that 


paragraph. 
V, VI. He admits the allegations of paragraphs V and VI. 
175 VII. He denies the allegations of paragraph VI. 


FURTHER ANSWERING, the defendant states that the plaintiff 
is not entitled to a patent containing any of the claims referred to in 
the complaint for the reasons given in the Examiner's Statement and 
the decision of the Board of Appeals in the plaintiff's application. 
Profert of copies of the said statement, decision and references is 
hereby made. 


Respectfully submitted, 

/s/ E. L. Reynolds 

Solicitor, U.S. Patent Office, 
Attorney for Defendant. 


November 25, 1953 


[CERTIFICATE OF SERVICE] 








PETITION [746277 | 
Plaintiff's Exhibit Number 1 

To The Commissioner of Patents: 
YOUR PETITIONER John A. Dow, a citizen of the United States and 
resident of Huntington Woods, in the County of Oakland, and State of 
Michigan, and whose Post Office address is 420 Maccabees Building, 
Detroit 2, Michigan, prays that Letters Patent may be granted to him 
for the improvements in HEAT TREATING FURNACE AND METHOD 
set forth in the annexed specification; and he hereby appoints 

E. J. BALLUFF (Registration No. 13, 485) 

whose Post Office address is 2755 Penobscot 

Building, Detroit 26, Michigan, his 
attorney with full power of substitution and revocation, to prosecute this 


application, to make alterations and amendments therein, to sign the 


drawings, to receive the Letters Patent, and to transact all business 


in the Patent Office connected therewith. 
/s/ John A. Dow 


SPECIFIC ATION 
To All Whom It May Concern: 
Be it known that I, JOHN A. DOW, a citizen of the United States and 
resident of Huntington Woods, in the County of Oakland, and State of 
Michigan, have invented certain new and useful improvements in HEAT 
TREATING ELEMENT FOR HEAT TREATING FURNACES of which 
the following is a full, clear and exact description: 

This invention relates to heat treating furnaces and has particular 
relation to batch type heat treating furnaces in which a controlled gas 
or other atmosphere is employed for the convection of heat from the 
heating element or heaters to the work. 

It has been customary heretofore to employ in such furnaces 
radiant heating elements positioned adjacent the work to be heat 


treated in such manner that the atmosphere can be circulated over 
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the heating elements and then through the work, the heat transferred 
to the gaseous atmosphere by the heating units being transferred to 
the work for the purpose of brining the work up to a desired uniform 
temperature. However, in doing this two things have occurred which 
have rendered the process somewhat defective. First, the heating 
elements while theoretically employed for the purpose of heating the 
controlled gas atmosphere or circulating medium largely by the direct 
conduction and radiation of heat thereto also directly heat the work 
by radiation. While this is not objectionable during the time when 


the work is being brought up to control temperature, it may be objectionable 


as this temperature is approached due to the fact that the temperature 
of the heating elements usually is several hundred degrees hotter 
than the temperature at which it is desired to process the work, and 
as a consequence of this, the part of the work directly affected by the 

radiation of heat from the heating elements usually reaches a 
temperature considerably higher than the control temperature desired. 
This overheating of a portion of the work results in overprocessing that 
portion of the work so affected. 

Also in such heat treating furnaces there is a tendency for the 
difference in temperature or temperature gradient between the part 
of the work first engaged by the circulating medium and the part where 
the circulating medium leaves the work, to increase more or less 
constantly during the period when the work is being heated up to control 
temperature. This is caused by the fact that as the heating elements 
increase the temperature of the circulating medium, the density of the 
circulating medium decreases, and under such circumstances when 
the temperature of the circulating medium reaches control temperature, 
the quantity of heat carried by the circulating medium is not as great 
per cubic foot of gas as it previously was at lower temperatures. This 
excessive gradient brings about a situation in which a longer time is 
required for bringing all of the work to control temperature than is 
necessary, and in addition this increase in the temperature gradient 
brings about a greater than necessary variation in the processing of the 
work. 
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For example, the work first contacted by the circulating medium 
will reach control temperature and then will be maintained at that 
temperature until the temperature throughout all of the work is equal- 

Pp-4 ized. Under such circumstances the degree or extent of heat 
treating of the work may vary to an undesirable extent, and to com- 
pensate for this it is the customary practice in many instances to 
specify sometimes a considerably greater degree of processing than 
is required in order to make certain that all of the work affected by 
the processing is heat treated to the desired extent. Naturally this 
expedient while curing one defect creates another, because much of 
the work then may be overprocessed. 

Also due to the reduction in the density of the circulating medium 
at control temperature, it is necessary to employ heating elements 
which must necessarily be several hundred degrees hotter than the 
control temperature. This of course is a very severe requirement 
upon the heating elements, and they therefore tend to burn out after 
not too much service and are expensive to change not only due to the 
cost of the heating elements but due to the down time required for 
changing the elements. : 

In addition, due to the large temperature gradient in the work 
at the time the control temperature is reached, a longer than necessary 
time is required to complete the processing of the work, because the 
greater the temperature gradient is at this time, the longer will be 
the time required to bring all the work to the same temperature. 

It has been proposed to place more or less heat insulating 
baffles between the work and the heating elements so as to prevent 

the heating elements from directly radiating heat upon the work. 
While this expedient is somewhat effective in preventing the work from 
heating to above control temperature in various portions thereof directly 
exposed to the radiant heat of the elements, this expedient does not in 
any way effect the large temperature gradient resulting from the 
very high temperature of the heating elements and the low density 


of the circulating medium at control temperatures. The expedient 
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presupposes that the heating elements employed operate considerably 
above control temperature both before and after control temperature 
is reached. In effect this causes an increase in the operating tempera- 
ture of the elements. 
| According to the present invention it is proposed to employ one 
or more capacitors or heat absorbing elements upon which heat from 
the heating elements is directly radiated. Such capacitors are con- 
structed of materials having considerable mass, high specific heat 
and good conductivity so as to be capable of absorbing a substantial 
part of the heat required to bring the work up to control temperature 
and by reason of the conductivity thereof to transfer this heat very 
rapidly to the circulating medium when the work is first placed in 
the furnace for heat treating. By this expedient enormous quantities 
of heat are transferred to the circulating medium when the density of 
the circulating medium is high and when consequently the circulating 
| medium will carry heat to the work at a high rate compared to the 
| quantity of the medium circulated and the number of degrees the 
medium is cooled. Notwithstanding this, the capacitors transfer heat 
Pp-7 to the circulating medium at such a high rate during the first 
part of the work heating period as to establish an extremely high 
temperature difference or temperature gradient in the work, but this 
difference has no objectionable effect at this time due to the fact that 
the average work temperature is low and consequently far removed 
from the range of temperatures in which the heat treating or work 
- processing is done. 


However, a very large part of the heat required for bringing 


the work up to control temperature is transferred to the work in a small 
part of the time available so that thereafter the work heating period 
may be continued at a work heating rate which is consequently lower. 


_ This reduction in the work heating rate is brought about by placing upon 
the heating elements during the latter and usually larger part of the 
work heating period the additional load of replacing by direct 
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radiation of heat to the heat absorbing elements or capacitors the 
heat so rapidly transferred to the circulating medium during the 
first part of the work heating period. Hence during this latter part 
of the work heating period, the heat from the heating elements is 
divided between the heat absorbing elements and the work, and this 
results in a decrease rather than an increase in the temperature 
gradient in the work during the latter part of the heating period, this 
being made possible by the enormous rate at which heat is transferred 
to the work during the first part of the heating period. The average 
rate of heating the work and consequently the time required for 

bringing the work up to control temperature is not increased 
by the decrease in the work heating rate during the remainder of the 
work heating period. Also due to the substantial decrease in the 
temperature gradient at the time when control temperature is reached 
a considerably less time is required to complete the processing of 
the work. Not only is the total time required for processing the work 
decreased due to the decrease in temperature gradient at the time 
control temperature is reached but the entire batch of work is more 


uniformly processed. This result is derived from the fact that the 


portion of the work at control temperature does not have to be held 


at control temperature for as long a time as would otherwise be re- 
quired and consequently the difference in the degree of processing 
of the entire batch of work is materially reduced. 

Therefore, some of the objects of the invention are to provide 
a heat treating furnace in which the requirement for replacement of the 
heating tubes or elements is greatly reduced due to the decrease in 
the work temperature of the tubes, the total heat treating time is 
reduced, the work processing time is reduced, and the quality of the 
heat treated work is more nearly uniform throughout an entire batch 
of work. 

Other and further objects of the invention will be apparent by 
reference to the accompanying drawings of which there are four (4) 


sheets, which by way of illustration show preferred embodiments and 
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the principles thereof and what I now consider to be the best mode in 
which I have contemplated applying these principles. Other embodi- 
P-8 ments of the invention embodying the same or equivalent princi- 
ples may be used and structural changes may be made as desired by 
those skilled in the art without departing from the present in- 
vention and the purview of the appended claim. I also contemplate that 
of the several different features of my invention, certain ones thereof 
may be advantageously employed in some applications separate and 
apart from the remainder of the features. 
In the drawings: 
Fig. 1 is a vertical sectional view through a heat treating 
furnace embracing the principles of the invention; 
Fig. 2 is a cross sectional view through the heat treating 
furnace disclosed by Fig. 1 taken substantially in the plane of line 
2-2 of Fig. 1; 
Fig. 3 is a vertical sectional view through a heat treating 
furnace embracing another form which the invention may assume; 
Fig. 4 is a cross sectional view of a heat treating furnace taken 
substantially in the plane of line 4-4 of Fig. 3; 
Fig. 5 is a vertical cross sectional view illustrating another 
form of heat treating furnace embracing the principles of the invention; 
Fig. 6 is a cross sectional view illustrating a modified form of 
the heat treating furnace illustrated by Fig. 5 which, except for the 
modification in the structure, is the same as the heat treating furnace 
p-9 illustrated by Fig. 5 would appear in the plane of line 6-6 of Fig. 
95 
Fig. 7 is a chart illustrating the heat treating of a full load 
of work as this might be done in conventional heat treating furnaces 
now employed in the art; and 
Fig. 8 is a chart illustrating the heat treating of a similar full 
load of work as this might be done in a heat treating furnace embracing 
the principles of the invention. 
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Referring particularly to Figs. 1 and 2, there is employed a heat 
insulating enclosure 10 having a plurality of side walls 11, a bottom 
wall 12, and a top wall 13. One of the side walls is provided with 
an opening 14 therein through which work to be heat treated may be 
introduced into the heating chamber 16 formed within the enclosure 
10. A work support 17 is secured inside the chamber 16 and projects 
through the opening 14 for receiving work containers 18 in which heat 
treating work to be done is placed. A conventional door or closure, 
not shown, is employed for closing the opening 14 during the heat 
treating period. : 

The fabricated work support 17 is positioned somewhat above 
the bottom wall 12 of the enclosure 10 to provide room for the operation 
of a centrifugal fan indicated at 20. The fan is provided with a shaft 
19 supported in a bearing 21 which is mounted in a removable section 

22 of the bottom wall 12, the shaft 19 being driven by a motor 
23 secured beneath the lower wall 12 by screws indicated at 24. As 
is conventional practice in the art, the upper ends of the containers 
18 are open and the lower ends thereof are perforated to permit the 
fan 20 to draw the gas circulating medium contained within the heating 
chamber 16 downwardly through the fabricated support 17 where the 
circulating medium will be thrown radially outwardly in all directions 
by centrifugal force resulting from the operation of the fan 20. The 
circulating medium will thereupon strike the walls 11 of the enclosure 
10 and will be forced upwardly within the chamber 16 in the region 
outside of the containers 18 to the top wall of 13 of the enclosure. 
Thereafter the circulating medium will move downwardly through the 
work containers as previously described. . 

Disposed on opposite sides of the work support 17 and the con- 
tainers 18 is a pair of radiant heating units 26 and 27 each consisting 
of a plurality of heating tubes or elements 28. Each of the tubes or 
elements 28 is secured in a header 29 removably positioned in an 
opening formed in the upper wall 13. In the structure shown the 


heating elements 28 are positioned in the heating chamber 16 in spaced 





12 
relation to one another and vertically, although the tubes may be posi- 
tioned horizontally or in any other position desired. 

P-10 The tubes or elements 28 illustrated are conventional so-called 
radiant heating tubes such as are now generally employed in such 
furnaces, although any type of heating surface may be employed as 
the heating elements in this furnace. 

The specific tubes employed may be of any conventional design, 
although preferably they are tubes such as those disclosed in my 
copending application for heat treating furnace, Serial No. 670, 436, 
filed May 17, 1946. The tubes disclosed by this application not only 
heat the furnace by heat resuiting from the operation thereof but, 
in addition thereto, they provide and continuously supply to the interior 


| of the furnace a controlled gaseous atmosphere which may be employed 


as the circulating medium in the present furnace. However, any other 
circulating medium may be employed or the controlled gas atmosphere 
or circulating medium may be supplied from a separate source or 
structure if desired. 
Disposed adjacent opposite side walls 11 of the enclosure 10 and 
positioned vertically alongside the heating units 26 and 27, is a pair 
of capacitors or heat absorbing elements or walls 31 and 32 respectively, 
these being adapted to absorb heat by radiation from the heating elements 
28 and to transfer such heat directly to the circulating medium within 
the heating chamber 16. The circulating medium also contacts the 
- tubes 28 directly and consequently receives heat from the tubes by 
reason of this contact, but inasmuch as the tubes are heated to the 
point of radiance, it is possible to transfer many times as much of the 
heat by radiation from the heating elements 28 to the walls or elements 
32 than may be transferred by the tubes to the circulating medium by 
direct contact. The heat absorbing elements 31 and 32 are of sufficient 
P-11 area and thickness and are formed of material of such mass, 
specific heat, and conductivity that it is possible to absorb preferably 
as much or more heat by radiation from the heating elements 28 than 
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is required to bring a full load of work within the containers 18 from 
room temperature to control temperature. These walls preferably 
are made of material consisting to a greater or less degree of silicon 
carbide, this material being available in the market in such form as 
to be usable in the walls of furnaces such as that disclosed. Such 
material is sold under a great many trade names, one of which is 
Carborundum. The walls may also be made of metal or other 
material having considerable mass, high specific heat, and good 
conductivity. 

Before a load of work to be heat treated is placed in the containers 
18, the walls or heat absorbing elements 31 and 32 and the circulating 
medium will be heated up by the operation of the radiant heating elements 
28 until the temperature of both the heating elements 28, the walls, and 
the circulating medium is about equalized at or near control temperature. 
Then when a cold load of work is inserted in the furnace in the containers 
18, assuming the fan 20 to be operating under normal conditions, the 
work will immediately cool the circulating medium down to a temperature 
not greatly above the temperature of the work and the circulating medium 
will thereupon cool the surfaces of the heating elements 28 until the 
temperature thereof is materially below the temperature of the surface 
of the walls 31 and 32. Since the walls 31 and 32 have considerable 
surface exposed to the circulating medium, the surface of these walls 

P-13 likewise will be considerably cooled by direct contact with the 

circulating medium being heated, but owing to the mass, specific heat, 
and conductivity of the walls, more heat will be transferred from the 
interior of the walls to the surface thereof to continue the heating of 
the circulating medium. 

Notwithstanding this fact, however, the temperature of the cir- 
culating medium will remain somewhat near the temperature of the 
work due to the fact that the circulating medium passes through the 
work during the rotational movement thereof within the heating chamber 
16 and consequently is cooled continuously to a temperature only slightly 
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above the temperature at which the circulating medium leaves the bottom 





of the work. At such relatively low temperature the specific heat of 
circulating medium will be higher than would be the case later on 
during the heating period, and since the specific heat is higher, more 
heat will be absorbed per cubic foot of circulating medium engaging the 
walls 31 and 32 than will be absorbed at higher temperatures later on 
during the heating cycle. Consequently large quantities of heat are 
absorbed by the circulating medium from the walls 31 and 32 and trans- 
ferred to the work in the containers 18 during the beginning of the 
heating period. Such large quantities of heat are of course transferred 
more quickly to the top of the work in the containers 18 than they are 
to the work in the bottom thereof. While this creates a large temperature 
difference between the work at the top and at the bottom of the containers 
18, this large temperature difference or temperature gradient is of no 
P-14 concern at this time because the heating period has just com- 

menced, and as a matter of fact, this is actually an advantage because 
it enables heat to be transferred to the work at a greater rate than 
it could be were the temperature gradient smaller. 

However, as the circulating medium continues to be circulated 
against the hot surfaces of the walls 31 and 32 and as the heat so absorbed 
continues to be transferred to the work in the containers 18, a point 





eventually is reached in the heating period where the temperature 
of the work at the top of the containers 18 and the temperature of the 
walls 31 and 32 are substantially equalized. At this equalization point 
the temperature at the surfaces of the heating elements 28 is also ; 
about the same as the temperature of the walls and the circulating ; 
medium, and thereafter due to the continuation in the heating of the ™ 
heating elements, the surface temperature thereof becomes greater 
than the temperature of the surface of the heat absorbing elements 
or walls 31 and 32. Thereafter during the remainder of the heating 
period the heating elements heat both the circulating medium and the 
walls 31 and 32. Inasmuch as heat is transferred by radiation to the 
walls, much more rapidly than it is transferred by direct contact ' 
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between the surfaces of the tubes 28 and the circulating medium, a 

large quantity of the heat delivered to the circulating medium still 

comes from the walls 31 and 32. However, due to this rapidity of 

transferring heat from the tubes 28 to the walls 31 and 32 and to the 
P-15 circulating medium, the temperature of the tubes does not in- 

crease above the temperature of the circulating medium to such an 

extent as it would were the tubes heating only the circulating medium. 

Also the heat which is absorbed by the surfaces of the walls 31 and 

32 is quickly transferred into the interior of the walls due to the property 

of good conductivity possessed by the walls and consequently a relatively 

cool surface is maintained on the walls 31 and 32 which will absorb heat 

from the tubes 28 by radiation without rendering it necessary for the 

tubes to reach the temperature several hundred degrees hotter than 

the circulating medium or the walls in order to transfer the quantity 

of heat continuously being supplied by the tubes at a constant rate. 

When the temperature at the top of the work in the containers 18 
reaches control temperature, that is, the temperature at which it is 
desired to process all of the work in the containers, the supply of 
combustible mixture within the tubes 28 is decreased by a conventional 
control mechanism not shown, this mechanism being responsive to the 
temperature of the circulating medium leaving the vicinity of the tubes 
28 and the walls 31 and 32. Accordingly the amount of heat supplied 
by the tubes will simply be enough to keep the temperature of the cir- 
culating medium constant in this region, and at such constant temperature 
of the circulating medium the processing of the work will continue during 

P-16 the work processing period until the temperature gradient in 
the work becomes zero and at which time the heat treating of the work 
is usually discontinued. Also at this time the temperature of the surface 
of the tubes is only slightly above the temperature of the circulating 
medium since the tubes have been heating both the walls 31 and 32 
and the circulating medium at a reduced rate. The temperature of the 
surface of the walls likewise has become very nearly equal to the temperature 


16 
of the circulating medium due to the fact that the circulating medium 
transfers to the work a progressively decreasing quantity of heat per 
unit of time as the temperature gradient in the work approaches zero. 
Hence when the work processing period is ended or at the time 
when the heat treating of the work is completed, the heat formerly 
contained in the walls 31 and 32 which was transferred to the work at 
such a large heat transfer rate during the beginning of the heating 
period is practically entirely restored. Hence when the containers 
18 are taken out of the furnace and emptied, it is possible immediately to 
refill the containers and reinsert them in the heat treating apparatus 
and to repeat the cycle of operations previously described. 
Figs. 3 and 4 illustrate a heat treating apparatus which is the 
Same as the appartus disclosed by Figs. 1 and 2 except that a modified 
form of heat absorbing element is employed. The same numerals are 
applied to Figs. 3 and 4 as are applied to the corresponding elements 
P-17 in Figs. 1 and 2. The heat absorbing elements or capacitors 
‘in this structure comprise a plurality of stacks 33 and 34, each stack 
being disposed about one of the heating elements or tubes 28 employed. 
The stacks are preferably spaced from one another as is indicated 
at 36 in such manner that the circulating medium will flow upwardly 
within the heating units 26 and 27, both inwardly and outwardly with 
respect to the stacks. With such construction it is possible to em- 
ploy both sides of three of the four walls of each of the stacks. Each 
stack comprises an outside wall 37, two parallel side walls 38, and 
an inner wall 39, all of such walls being disposed at right angles to 
one another so as to provide a vertical passage of rectangular cross 
section surrounding each of the heat absorbing elements or tubes 28. 
It will be noted from Fig. 3 that the two side walls 38 and the 
inside wall 39 all are somewhat shorter than the outside wall 37 of 
each of the stacks 33 and 34, so as to provide space adjacent the 
upper and lower walls of the enclosure 10 in which the circulating 
medium may flow inwardly at the top and outwardly at the bottom 
of the enclosure. 
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Fig. 5 discloses a heat treating furnace, the side walls of which 
are cylindrical in formation as indicated at 41, and the upper wall 
is removable, as is indicated at 42, for admitting the work to the heating 
chamber thereof. The lower wall, circulating fan, and motor are simi- 
P-18 lar to the structures disclosed in Figs. 1 to 4, and the same 
reference numerals are applied to similar parts. Like wise in the 
structure a circular work support 43 is secured above the fan 20 on 
vertically disposed rods 44 which are in turn supported in the lower 
wall 12 of the enclosure. Supported upon the circular support 43 is a 
cylindrical work container 46, the upper extremity of which is open 
for receiving the work and the lower end of which is a perforated wall 
indicated at 47. The heat absorbing element or the capacitor 48 
employed is supported against the inside surface of the cylindrical 
outer wall 41 and is likewise cylindrical in formation. A plurality of 
electrical heating elements indicated at 49 are disposed in spaced 
relation inside the cylindrical capacitor 48, these being secured at 
the upper and lower ends thereof on circular terminals indicated at 51 
and 52, each of which is supported by a pair of aemetnically opposed 
terminals and supports indicated at 53. 
The terminals and supports 53 project outwardly through openings 
formed in the cylindrical wall 41 and are insulated from such walls 
by insulating material indicated at 54. | 
The structure disclosed by Fig. 6 is identical to that disclosed 
by Fig. 5 except that in Fig. 6 there is employed a second capacitor 
or heat absorbing element 56, the latter being disposed concentrically 
within the heat absorbing element 48. In this structure the heating 
elements are disposed in the space between the two heat absorbing 
P-19 elements 58 and 56 in such manner as to provide an annular 
circular stack surrounding the heating elements. The inside wall or 
heat absorber 56 has contact with the circulating medium both in its 


inner and outer surfaces. The two heat absorbing elements 48 and 
56 are of a height indicated by the height of the heat absorbing element 
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48 shown by Fig. 5, there being sufficient room at the top and bottom 
of the elements in this construction to provide for the circulation of the 
circulating medium both above and below the elements. 

In the modified forms of heat treating apparatus disclosed by 
Figs. 3 to 6, the operation in each instance is functionally similar 
to the operation of the heat treating furnace disclosed by Figs. 1 and 2 
and previously described. 

In the charts disclosed by Figs. 7 and 8 there are illustrated 
graphs indicating the temperatures at the upper and lower surfaces of 
a work load in two different types of heat treating furnaces. Fig. 7 
discloses graphs which might be obtained from a heat treating furnace 
such as that disclosed by any of Figs. 1 to 6 without employing the 
heat absorbing elements indicated by the numerals 31, 32, 33, 34, 48 
or 56, and Fig. 8 discloses the performance of any of the same furnaces 
equipped with such elements. 

In Fig. 7 the numeral 57 indicates the temperature of the top or 
hottest part of a load of work being processed, and 58 indicates the 
temperature of the bottom or coldest part of such load of work. The 

P-20 numeral 59 indicates the average rate of heating such work during 
the heating period, that is, during the period of heating the work prior 
to the time the top of the work reaches control temperature. As is 
indicated by this illustration, the control temperature is at 1500° 
Fahrenheit, and at which time the heat applied to the heating elements 
is automatically reduced at a rate such that the temperature at the top 


of the work does not increase beyond 1500°. The average heating 


rate indicated by the straight line 59 is such that the control temperature 
in this work is reached within a period of one hour as is also indicated 
by the graph. 

The load of work being processed in Fig. 7 weighs approximately 
1250 pounds including the containers, and there is employed in the 
furnace, refractory insulating brick and heat resisting alloys having 
a heat capacity equivalent to 250 pounds of steel. This equivalent of 
250 pounds of steel is found to be the amount of such material usually 
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employed in similar conventional furnaces in the various metallic 
parts comprising the fan, the work supporting racks, the metallic or 
refractory lining, the heating elements, etc. It will be noted from 
this graph that this equivalent of 250 pounds of steel does perform a 
useful function in absorbing heat and supplying the same to the work as 
is indicated by the curvature of the lower extremities of the lines 57 
and 58. For example, as is illustrated by the point indicated by the 
numeral 61, these metallic and other heat absorbing parts do increase 
the heating rate in the work being processed to such an extent that the 
P-21 average temperature of the work at the end of five minutes is 
approximately 300°. Assuming the work to have been placed in the 
furnace at 75°, this represents an increase in temperature of approxi- 
mately 225°in one-twelfth of the time required to bring the top of the 
work to control temperature, that is, 1500°. It will be noted from 
curves 57 and 58, however, that this increase in temperature, while 
greater than the average rate of heating indicated by the line 59, 
nevertheless does not cause such a change in the work heating rate 
after the temperature of the heat absorbing surface and the temperature 
of the heating units has equalized at 700°, that the temperature gradient 
in the work will decrease at any time during the remainder of the 
heating period. The temperature gradient in the work is the difference 
in temperature between the top and the bottom of the work which after 
five minutes of processing is approximately 185° in the graph shown 
by Fig. 7. 

By examining the curves 57 and 58 at five-minute intervals for 
the first sixty minutes or during the heating period indicated by the 
graph, it will be observed that this temperature gradient does not 
decrease during the heating period. It does not decrease for the 
reason that the amount of heat which 250 pounds of steel and other 
heat absorbing parts will absorb when compared with the total amount 
of heat required to bring the 1250 pounds of work to control temperature 
is so small that it does not materially affect the heat transfer rate 
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P-22 from the heating elements to the circulating medium during the 


remainder of the work heating period and during the time the tempera- 
ture of this 250 pounds of heat absorbing material is also being increased. 
Under such circumstances, in order to process 1250 pounds of work 

in one hour, as will be noted in Fig. 7, it is necessary for the heating 
element temperature or heater temperature to increase to such an 

extent that at control temperature the temperature of the surface of 

the heating elements is over 400° higher than control temperature. 

This is because the 250 pounds of heat absorbing material is not absorbing 
heat from the heat absorbing elements at a rate great enough to bring 

the surface temperature of the heating elements down to a lower value. 

It is apparent, therefore, that the life of the heating elements employed 
in such furnaces will not be very great in view of the fact that metals 
which can be employed for such purposes deteriorate rapidly at tempera- 
tures of the order of 1920°. 

Referring to Fig. 8, the numeral 62 indicates the temperature of 
the top and 63 the temperature of the bottom of a work load also weighing 
1250 pounds, but in which 1250 pounds of material of high specific heat 
and good conductivity has been deliberately placed in the furnace all 
in position to receive heat by radiation for the purpose of effecting an 
improved operation of the furnace. This 1250 pounds of heat absorbing 
material is in addition to the heating elements and other heat absorbing 
parts disclosed in the heat treating furnaces illustrated by Figs. 1 to 6. 


P-23 The average heating rate indicated by the line 64 is the same in 


this furnace as in the furnace the performance of which is illustrated 

by Fig. 7, that is, enough heat is put into the 1250 pounds of work to 
bring the top of the work to control temperature in sixty minutes. In 

this illustration it will be noted, however, that the heat absorbing 
material supplies heat to the work much faster and continues to supply 
heat much longer than it did in the furnace the performance of which is 
illustrated by Fig. 7. For example, at the end of fifteen minutes indi- 
cated at point 66, the average temperature of the work is 800° which 

is about half of the heat required to bring the work to control temperature 
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in one-fourth of the time. In one-fifth of the time or in ten minutes, as 


indicated at point 67, the average heating rate in the work has been 
so rapid that the temperature of the heating elements and the temperature 
of the heat absorbing surface are equalized at 1100°, and it is below this 
point that a maximum temperature gradient is reached in the work which 
from the drawing will be noted to be approximately 440°, Thereafter 
during the heating period the temperature gradient is less in the work 
because the heating elements are required to heat both the work and the 
heat absorbing elements. This very rapidly decreases the heating of the 
work until after about thirty minutes of the heating period the temperature 
gradient is reduced to approximately 200°, as will be noted from the 
drawing. This is because heat from the heating elements is absorbed 
at a greater rate by the heat absorbing elements than it is by the cir- 
p-24 culating medium. As will be noted from Fig. 8, thereafter the 
temperature gradient in the work, while increasing slightly remains 
almost constant up to the end of the heating period. 

Furthermore, by comparing Figs. 7 and 8 it will be noted that 
the heating rate of the top of the load, as indicated by the slope of lines 
o7 and 62, after thirty minutes of the heating period is very much less 
in Fig. 8 than it is in Fig. 7. For example, in Fig. 7 the average 
heating rate during such period is almost as great as the average heating 
rate during the entire work heating period, this being indicated by the 
line 59. 

Actually the top of the load, as is indicated by line 57 in Fig 7, 
increases in temperature from 1200° to 1500° during the last fifteen 
minutes of the heating period, an amount almost as great as the average 
heating rate over the entire heating period. This 300°-increase compared 
to the average increase, which is 350° in the same time, is substantially 
greater than three-fourths of the average heating increase in the same 
interval of time. On the other hand, the top of the load in Fig. 8, as 
indicated by line 62, is at a temperature of 1325° Fahrenheit fifteen 
minutes before the end of the heating period and heats only 175° during 
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this interval, an amount only one-half the average heating rate over 
the entire heating period. 

In the furnace illustrated by Fig. 7, it will be observed that the 
temperature gradient increases continuously through the entire work 
heating period and reaches a maximum at the end of the work heating 

P-25 period of approximately 380°. Comparing this with the performance 
of the furnace illustrated by Fig. 8, it will be noted that the temperature 
gradient increases very rapidly during the first part of the work heating 
period, then reaches a minimum at about the middle of the work heating 
period and then increases slightly until control temperature is reached, 
and at this time the temperature gradient is approximately 240°. 

Referring again to Fig. 7, when starting the equalization period 
with a temperature gradient of 380° and by regulation of the heating 
element so that no part of the work reaches a temperature greater than 
control temperature, it takes approximately one hour for the temperature 

of the bottom of the work to equalize with the temperature of the top thereof. 
In other words, during this entire one-hour period the top of the work 
is held at 1500° while the temperature of all of the work is equalized. 
By holding the temperature of the top of the work at control temperature 
for this period it will be apparent that there will be a considerable 
difference between the degree of processing of the top and other parts 

of the work. It may be that the top of the work will have a greater 

| degree of processing than is desired, whereas the processing of the © 
bottom of the work may be somewhat below the degree desired. In 
other words, the greater the temperature gradient at the end of the work 
period, the greater will be the difference in the processing of the work 

and the greater will be the time required for this purpose. 

P-26 Referring again to Fig. 8 and starting the equalization period with 


a temperature gradient of 240°, it will be apparent that much less time 


is required to equalize the temperature of all parts of the work. For 
example, approximately only 37-1/2 minutes are required in the 


structure illustrated by Fig. 8 compared to one hour in the structure 
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illustrated by Fig. 7. This difference in equalization time not only 
saves time but it will be apparent that the degree of processing of all 
of the work in a batch of work will be more nearly uniform. 
Again comparing the performance of the two furnaces, it will be 
apparent that the temperature of the heating element in the structure 
illustrated by Fig. 7 is 1920° when control temperature is reached, 


whereas in the structure illustrated by Fig. 8 this temperature is only 


1720°. This 200°-difference in temperature makes a very great 


difference in the life of the heating elements simply due to the fact 
that heating elements operated at a maximum of 1720° will last several 
times longer than when operated at 1920°. 

Again comparing the two furnaces it will be noted that of the 250 
pounds of heat absorbing material employed in the furnace when the 
heat absorbing elements are not employed, not all of such heat absorbing 
material is positioned so as to be capable of absorbing heat by direct 
radiation from the heating elements. The material so positioned consists 
mainly of the inner surface of the insulating refractory wall which has 

P-27 very little effect because of the very low conductivity of such ma- 
terial. The remainder of this heat absorbing material must absorb 
heat not by direct radiation from the heating elements but from the 
circulating medium. Such heat as may be so absorbed from the cir- 
culating medium does not tend to cool the heating elements at all. As 
a matter of fact, exactly the contrary is true because the portions of the 
heating elements that do not transfer heat by radiation in considerable 
quantities to some heat absorbing material will reach a very high 
temperature when compelled merely to transfer heat to the circulating 
medium which at that time has a very low density and which does not 
readily absorb heat from the heating elements. 

On the other hand, when the heat absorbing elements are employed 
it will be noted that they are located in such position as to absorb heat 
by radiation directly from the heating elements and consequently tend 
to keep the temperature of the heating elements at the lowest possible 
value. In fact, this transfer of heat from the heating elements to the 
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heat absorbing elements by radiation is so rapid that the heat absorbing 


elements reach temperatures much greater than the circulating medium 
and become additional heating surface to transfer heat to the circulating 
medium. 

In other words, when comparing furnaces operating under the 
different conditions previously described, it will be apparent that furnaces 
which heretofore have not contained a considerable amount of material 

P-28 of good conductivity that will absorb heat by direct radiation from 
the heating elements do not transfer a great amount of heat to the work 
during the initial part of the work heating period. This is the reason 
that in the structure which is illustrated by Fig. 7 there is a continuous 
increase in the temperature gradient from the beginning to the end 
of the heating period, and this is true notwithstanding the fact that the 
graphs show that some heat was transferred to the work from the 250 
pounds equivalent of steel in heat absorbing material located in the 
furnace. Consequently the temperature gradient in the work does not 
show any decrease at all during the heating period, whereas this would 
not be true if this heat absorbing material had been positioned so as to 
receive a substantial quantity of heat by radiation from the heating ele- 
ments as in the furnace illustrated by Fig. 8. 

Any heat absorbing material not positioned to absorb heat by 

direct radiation from the heating elements will be heated by direct 
contact with the circulating medium. The heating elements therefore 
are compelled to supply enough heat to the circulating medium to heat 
this additional load and the work simultaneously, which tends to increase 
rather than to decrease the temperature of the heating elements. In 

P-29 the structure illustrated in Fig. 8 the temperature of the heating 
elements is decreased rather than increased by the presence of heat 
absorbing material. 

The heat absorbing element employed in the furnace illustrated 
by Fig. 8, which has a heat absorbing capacity approximately equal 
to the heat to be absorbed during the work heating period by a full 

_ load of work, is used simply for the purpose of illustration and because 
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a heat absorbing element of this capacity has been found to work well. 
However, heat absorbing elements of a much greater and much less 
capacity may be employed with results that will be an improvement over 
anything heretofore employed in the art where heat absorbing capacity 
has been employed only for other purposes such as linings and other 
parts placed in furnaces in positions where the heat absorbed is received 
in large measure from the circulating medium and not by radiation directly 
from the heating elements. An increase in heat absorber capacity above 
that used in the illustrations in Figs. 7 and 8 or above a heat absorbing 
capacity substantially equal to the heat absorbing capacity of a full load 
of work, will further tend to decrease both the temperature of the heating 
elements and the temperature gradient in the load, during the portion of 
the work heating period just prior to reduction in heat input to the heating 
elements which occurs when the top of the work reaches control tempera- 
ture. 


P-30 While I have illustrated and described preferred embodiments of 
my invention, it is understood that these are capable of modification, 


and I therefore do not wish to be limited to the precise details set forth 
but desire to avail myself of such changes and alterations as fall within 
the purview of the following claims. i 

P-31 I CLAIM: : 

1. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of 
said quantity of heat has been transferred to said work and then simul- 
taneously transferring heat from said heating element to said work and 
to said heat absorbing element; the heat transfer to and from said heat 
absorbing element being at such rate that the rate of heating said work 
during the first part of the aforesaid work heating cycle is great enough 
to produce a temperature gradient in said work greater than the temperature 


gradient in said work when said control temperature is reached. 
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2. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of said 
quantity of heat has been transferred to said work and then simultaneously 

P-32 transferring heat from said heating element to said work and to 
said heat absorbing element to restore said heat to said heat absorbing 
element and until the rate of heat input to the heating element is reduced, 
the heat transfer to and from said heat absorbing element being such 
that the rate of heating said work during the first part of the aforesaid 
work heating cycle is great enough to produce a temperature gradient in 
said work greater than the temperature gradient in said work when 
said control temperature is reached. 

3. A method of heat treating work which comprises transferring 
heat by radiation from a heating element to a heat absorbing element, 
then during a work heating period transferring heat by a circulating 
medium from said heating element and from said heat absorbing 
element to said work until the temperature of said elements is equalized, 
and then transferring heat by radiation from said heating element to said 
heat absorbing element and by said circulating medium from both of said 
elements to said work, the rate of heat trasnfer from said heating 
element being constant during said work heating period, and the rate 
of heat transfer and the quantity of heat transferred to said heat absorbing 
element being such that the temperature gradient in said work reaches 
a minimum between the first part and the last part of said work heating 
period. 


P-33 4. A method of heat treating work which comprises transferring 


heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of 

said quantity of heat has been transferred to said work and then 
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simultaneously transferring heat from said heating element to said 

work and to said heat absorbing element to restore heat to said heat 

absorbing element and until control temperature in said work is 

reached; the heat transfer to and from said heat absorbing element 

> being at such rate that the rate of heating said work just before said 
control temperature is reached is less than three-fourths of the 
average work heating rate during said cycle. 

5. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of 
said quantity of heat has been transferred to said work and then simul- 
taneously transferring heat from said heating element to said work and 

P-34 to said heat absorbing element to restore heat to said heat 
absorbing element and until control temperature in said work is 
reached; the transfer of heat to and from said heat absorbing element 
being at such rate that the rate of heating said work for the last one- 
fourth of the aforesaid work heating cycle is less than three-fourths 
as great as the average work haating rate during said cycle. 

6. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until the 


quantity of heat absorbed by said heat absorbing element is more than 





one-third of the heat required for bringing said work to control tempera- 
ture, then transferring heat by a circulating medium from said heating 
element and from said heat absorbing element to said work until the 
a temperatures of said heat absorbing element and said heating element 
are substantially equalized and then simultaneously transferring heat 
from said heating element to said work and to said heat absorbing ele- 
ment. 

7. A method of heat treating work which comprises transferring 
¥: heat from a heating element to a heat absorbing element until the quaniity 
of heat absorbed by said heat absorbing element is more than one-third 
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P-35 of the heat required for bringing said work to control temperature, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until the temperatures 
of said heat absorbing element and said heating element are substantially 
equalized and then simultaneously transferring heat from said heating 
element to said work and to said heat absorbing element until control 
temperature in said work is reached and until the quantity of heat trans- 
ferred from said heat absorbing element is restored. 

8. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until the quantity 
of heat absorbed by said heat absorbing element is substantially equal 
to the heat required for bringing said work to control temperature, 
then transferring heat by a circulating medium from said heating ele- 
ment and from said heat absorbing element to said work until the 
temperatures of said heat absorbing element and said heating element 
are substantially equalized and the simultaneously transferring heat 
from said heating element to said work and to said heat absorbing 
element. 

P-36 9. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until the 
quantity of heat absorbed by said heat absorbing element is substantially 
equal to or greater than the heat required for bringing said work to 
control temperature, then transferring heat by a circulating medium from 
said heating element and from said heat absorbing element to said 


work until the temperatures of said heat absorbing element and said 


heating element are substantially equalized and then simultaneously 


transferring heat from said heating element to said work and to said 
heat absorbing element until control temperature iss said work is 
reached and until the quantity of heat transferred from said heat ab- 
sorbing element is restored. 

10. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a substantial 
quantity of heat is absorbed by:said heat absorbing element, then 
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transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until at least one- 
fifth of the heat absorbed by said heat absorbing element has been 

P-37 transferred to said work and then simultaneously transferring 
heat from said heating element to said work and to said absorbing ele- 
ment. : 
11. A method of heat treating work which comprises transferring 


heat from a heating element to a heat absorbing element until the quantity 


of heat absorbed by said heat absorbing element is greater than one-third of 


the heat required for bringing said work to control temperature, then 
transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until at least one- 
fifth of the heat absorbed by said heat absorbing element has been 
transferred to said work and then simultaneously transferring heat 
from said heating element to said work and to said heat absorbing 
element until control temperature in said work is reached and until 
the quantity of heat transferred from said heat absorbing element is 
restored. | 

P-38 12. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing ele- 
ment consisting of a body comprising silicon carbide. 

13. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
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and said heat absorbing elemento said work, said heat absorbing ele- 
ment having a capacity for absorbing heat from said heating element 
and for transferring heat to said circulating medium great enough to 
provide a maximum temperature gradient in said work before said 


work reaches control temperature. 


P-39 14. A heat trearing furnace comprising a heat insulated enclosure 


providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing 
element having a capacity for absorbing heat from said heating element 
and for transferring heat to said circulating medium great enough to 
‘maintain the rate of heating said work just before control temperature 
is reached at a value substantially lower than the average heating rate. 
15. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 


p-40 transferring heat to said circulating medium great enough to de- 


crease the rate of heating said work during the last quarter of the heating 
period to less than three-fourths of the average heating rate for the 
work heating period. 

16. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
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by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing ele- 
ment having a capacity for absorbing heat from said heating element 
and for transferring heat to said curculating medium great enough 
to decrease the rate of heating said work to such an extent that the 
rate of heating just below control temperature is reached is less than 
three-fourths of the average heating rate for the entire heating period. 

17. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 


P-41 said heating element being adapted to heat said heat absorbing 


element by the radiation of heat thereupon, a circulating medium within 
said chamber for transferring heat by convection from said heating 
element and said heat absorbing element to said work, said heat ab- 
sorbing element having a capacity for absorbing heat from said heating 
element equal to the heat required to bring a full load of said work to 
control temperature. 

18. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing ele- 
ment having a capacity for absorbing heat from said heating element 
greater than one-third of the heat required to bring a full load of said 
work to control temperature. ; 


Pp-42 19. A heat treating furnace comprising a heat insulated enclosure 





providing a chamber for heat treating work to be disposed therein, a 
heating element and aheat absorbing element disposed in Said chamber, 
said heating element being adapted to heat said heat absorbing element 
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by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing element ‘ 
having a capacity for absorbing heat from said heating element and for 
transferring heat to said circulating medium great enough to decrease 
the temperature gradient in said work before control temperature is 
reached. 

20. A heat treating furnace as defined in Claim 13 in which the 
heat absorbing element comprises a pair of parallel walls disposed out- 
wardly with respect to the work and the heating element. ¢ 

21. A heat treating furnace as defined in Claim 13 in which the 

heating element comprises a pair of heating units disposed on opposite 
sides of the work, and the heat absorbing element comprises a pair 
of parallel walls disposed outwardly with respect to the heat units. 

P-43 22. A heat treating furnace as defined in Claim 13 in which the 
heating element comprises a pair of heating units disposed on opposite 
sides of the work, and the heat absorbing element comprises a plurality 
of parallel walls disposed with respect to said work both inwardly and 
outwardly of said heating units. 

23. A heat treating furnace as defined in Claim 13 in which the 

heating element comprises a plurality of heaters disposed in units on 
opposite sides of the work, and the heat absorbing element comprises 

a plurality of walled enclosures, one of said walled enclosures being 

| disposed about each of said heaters. 

24. A heat treating furnace as defined in Claim 13 in which said 
heating element comprises a pair of heating units disposed on opposite 
sides of said work, and said heat absorbing element comprises walls 
disposed between said heating units and said work. 

p-44 25. A heat treating furnace as defined in Claim 13 in which said 


heating element comprises a plurality of heaters arranged in units on 





opposite sides of said work, and said heat absorbing element comprises 
a plurality of walls disposed in pairs on opposite sides of said heaters © 


33 
and in such way as to separate said heaters from one another. 

26. A heat treating furnace as defined in Claim 13 in which said 
heat absorbing element comprises a cylindrical wall disposed outwardly 
with respect to said heating element and said work. 

27. A heat treating furnace as defined in Claim 13 in which said 
heat absorbing element comprises a cylindrical wall disposed between 
said heating element and said work. : 

28. A heat treating furnace as defined in Claim 13 in which said 
heat absorbing element comprises a pair of concentric cylindrical walls 
disposed about said work and between which said heating element is dis- 


posed. 


P-45 29. All inventions and improvements illustrated and described 


in the foregoing specification and the accompanying drawings. 
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Plaintiffs Exhibit No. 1 


P-130 IN THE UNITED STATES PATENT OFFICE 
Div. 3 
JOHN A. DOW 


Ser. No. 746, 277 
Filed May 6, 1947 
For "Heat Treating Furnace 
and Method" 
Detroit 26, Michigan 
December 11, 1951 
HON. COMMISSIONER OF PATENTS 
Washington 25, D.C. 
Sir: : 
* * * * Ok * 
P-136 In response to the requirement for election, the applicant hereby 
elects to prosecute in this application in the event no generic claims 
are allowable, the species disclosed in Figs. 3 and 4, and to retain in 
the case the remaining claims pending the determination of the allowability 
of a generic claim. , 
cad * x * ; * *x 
Respectfully submitted, 
JOHN A. DOW 
/s/E. J. Balluff 
Attorney for Applicant 
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Plaintiffs Exhibit No. 1 


P-137 DEPARTMENT OF COMMERCE * 
United States Patent Office 
Washington 


Please find below a communication from the EXAMINER 
in charge of this application. 


JOHN A. MARZALL 


Commissioner of Patents. 
E. J. Balluff Ser. No. 746, 277 
3355 Penobscot Building Filed May 6, 1947 
Detroit 26, Michigan : For HEAT TREATING 


FURNACE AND METHOD " 


Responsive to letter filed December 14, 1951. 
| Claims 30-48 are rejected as unpatentable over Benner who shows 
the use of a heat storage means for the same purpose as that of applicant + 
in view of circulating the atmosphere in the furnace as shown by Smith 
or vice versa. The idea of heat storage in a furnace and the use of 
same along with the primary heating source being old in the art it is 
deemed no more than engineering skill to apply same to any other type 
of furnace or heating cycle to accomplish the same end. By reasons 
_of the capacity of the heat storage means it is obvious that such will 
- accomplish all of the functional recitations of the claims. In regard ‘ 
to applicant's discussion of functionality attention is directed to claim 
' 31 last 10 lines. This calls for the application of heat to perform a 
rate of heating as described. Since the claim fails to set forth any 
positive steps it must be assumed that the silicon carbide lining or 
heat storage means of applicant and Benner will pe rform the 
_ same function. Applicant has not shown that the heat storage means 


of Benner will not so operate. It is to be noted that there is no 
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antecedent support for the word case in last line of claim 31. 

Claims 49-52 and 56 are rejected as claim 30 in view of enclosing 
the heating element as shown by each of Fitz Gerald and Kelleher. To 
Surround the heating means with a heat storage means is not deemed 
invention in view of the latter references who show such to be old 
in the art. The particular physical form of the enclosure is amere 
matter of design and not invention. The use of a particular old and well 
known heater as called for in claim 56 adds no patentable merit. 

Claims 53-55 are rejected as failing to read upon the elected 
. species. 

Claims 1-29 are cancelled. 
No claim is allowed. 
This action is FINAL. 


/s/ N. Marmelsbein 


Examiner 


Plaintiff's Exhibit No. 1 


P-163 APPEALED CLAIMS 


30. A method of heat treating a batch of pieces of work in a confined 
atmospheric medium of a batch type furnace in which heating means are 
exposed to said medium for heating the same and which method comprises 
arranging a batch of pieces of work in said atmospheric medium to absorb heat 
therefrom, then transferring heat to said work ata relatively high rate 
by recirculating said medium in a predetermined path over said heating 
means and through said batch of work, and then reducing the rate at 
which heat is transferred from said heating means to said batch of 
work; said method involving the heat transfer to said batch of work at 
eS such rate that the rate of heating said batch of work is great enough to 


produce a relatively large temperature gradient in the batch of work 
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during the first part of the work heating cycle, and low enough during 
the latter part of the work heating cycle to decrease the temperature 
gradient in said batch of work until the control temperature of said 
batch of work is approached. 

31. A method of heat treating a batch of pieces of work in a con- 
fined atmospheric medium of a batch type furnace in which heating means 
are exposed to said medium for heating the same and which method 
comprises arranging a batch of pieces of work in said atmospheric 
medium to absorb heat therefrom, then transferring heat to said 
work at a relatively high rate by recirculating said medium in a pre- 
determined path over said heating means and through said batch of 
pieces of work, and then reducing the rate at which heat is transferred 
from said heating means to said batch of work; said method involving 
the heat transfer to said batch of work at such rate that the rate of 
heating said batch of work is great enough to produce a relatively large 
temperature gradient in the batch of work during the first part of the 
work heating cycle, and low enough during the latter part of the work 
heating cycle to reduce the temperature gradient in said batch of 
work to a relatively small amount during that portion of the heating 
cycle at which a case is being formed on said work. 

P-164 32. A method of heat treating a batch of pieces of work in a con- 
fined atmospheric medium of a batch type furnace in which there are 
arranged a heat generating element and a heat absorbing element with 
the heat absorbing element arranged to absorb heat from said heat 
generating element, and which method comprises transferring heat by 
radiation from said heat generating element to said heat absorbing ele- 
ment until the latter has absorbed a substantial part of the heat required 
to bring a batch of work up to control temperature, arranging a batch 
of pieces of work in said atmospheric medium to absorb heat therefrom, 
then transferring heat by recirculating said medium in a predetermined 
path over said heat generating element and said heat absorbing element 
and through said batch of work until a substantial portion of said quantity 
of heat absorbed by said heat absorbing element has been transferred to 
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Said work, and then reducing the rate at which heat is transferred from 
said heat generating element to said batch of work; said method involving 
the heat transfer to said batch of work at such rate that the rate of heating 
said batch of work is great enough to produce a relatively large temperature 
gradient in the batch of work during the first part of the work heating cycle, 
and low enough during the latter part of the work heating cycle to 
decrease the temperature gradient in said batch of work until the 
control temperature of said batch of work is approached. 

33. The method of heat treating work according to claim 32 
wherein the heat transfer to and from said heat absorbing element and 
to said batch of work is such that the temperature gradient in said 
batch of work reaches a minimum between the first part and the last 
part of the work heating cycle. | 

34. The method of heat treating work according to claim 32 
wherein the heat transfer to said batch of work and to and from said heat 
absorbing element is at such rate that the rate of heating Said work just 
before the control temperature is reached is less than three-fourths 
of the average work heating rate during the work heating cycle. 

35. The method of heat treating work according to claim 32 in 
which the heat transfer to said batch of work and to and from said heat 
absorbing element is at such rate that the rate of heating said batch of 
work is great enough to produce a relatively large temperature gradient 
in the batch of work during the first part of the work heating cycle, 
and low enough during the latter part of the work heating cycle to reduce 
the temperature gradient in said batch of work to a relatively small 
amount during that portion of the heating cycle at which a case is being 
formed on said work. | 

P-165 36. A method of heat treating a batch of pieces of work in a confined 
atmospheric medium of a batch type furnace in which there are arranged 
a heat generating element and a heat absorbing element with the heat 
absorbing element arranged to absorb heat by direct radiation from said 
heat generating element, and which method comprises transferring heat 
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by radiation from said heat generating element to said heat absorbing 
element until the latter has absorbed a substantial part of the heat re- 
quired to bring a batch of work up to control temperature, arranging a _ 
batch of pieces of work in said atmospheric medium to absorb heat 
therefrom, then transferring heat by recirculating said medium in a 
predetermined path over said heat generating element and said heat 
absorbing element and through said batch of work until a substantial 
portion of said quantity of heat absorbed by said heat absorbing element 
has been transferred to said work, and then simultaneously transferring 
heat from said heat generating element to said batch of work and to said 
heat absorbing element; said method involving the heat transfer to said 
batch of work and to and from said heat absorbing element at such rate 
that the rate of heating said batch of work during the first part of the 
work heating cycle is materially greater than the average rate of heating 
Said batch of work until the control temperature of said batch of work 
is approached, and the rate of heating said batch of work during the 
latter part of the work heating cycle is below said average so that the 
temperature gradient in said batch of work when the control temperature 
thereof is reached is at a minimum. 

37. A method of heat treating a batch of pieces of work in a con- 
fined atmospheric medium of a batch type furnace in which there are 
arranged a heat generating element and a heat absorbing element with 
the heat absorbing element arranged to absorb heat from said heat 
generating element, and which method comprises transferring heat from 
said heat generating element to said heat absorbing element until the < 
latter has absorbed a substantial part of the heat required to bring a 
batch of work up to control temperature, arranging a batch of pieces 
of work in said atmospheric medium to absorb heat therefrom, then 
transferring heat by recirculating said medium in a predetermined path 
over said heat generating element and said heat absorbing element and 
through said batch of work until a substantial portion of said quantity 
of heat absorbed by said heat absorbing element has been transferred < 
to said work, and then simultaneously transferring heat from said heat 
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generating element to said batch of work and to said heat absorbing ele- 

ment; said method involving the heat transfer to said batch of work and 

to and from said heat absorbing element at such rate that the rate of 
P-166 heating said batch of work is great enough to produce a relatively 

large temperature gradient in the batch of work during the first part of 

the work heating cycle, and low enough during the latter part of the 

work heating cycle to decrease the temperature gradient in said batch 

of work until the control temperature of said batch of work is 

approached. 

38. A method of heat treating work according to claim 37 in 
which said heat is transferred from said heat generating element to said 


heat absorbing element by radiation. 


39. <A batch type heat treating furnace comprising a heat insulated 


enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a heat 
absorbing element disposed in said chamber, said heating element being 
adapted to heat said heat absorbing element by the radiation of heat 
thereupon, a gaseous circulating medium confined within said chamber 
for transferring heat by convection from said heating element and said 
heat absorbing element to said work, means for effecting the forced 
recirculation of said medium in a predetermined path over said heat 
absorbing element and said heating element when the latter is operative 
and through said batch of work, said heat absorbing element consisting 
of a body comprising silicon carbide having a capacity for absorbing heat 
from said heating element greater than one-third of the heat required 
to bring a full load of said work to control temperature. 

40. A batch type heat trezting furnace comprising a heat in- 
sulated enclosure providing a chamber, means for supporting a batch 
of pieces of work in said chamber so as to permit the circulation of 
a gaseous heating medium through said batch of work, a heating element 
and a heat absorbing element disposed in said chamber, said heating 
element being adapted to heat said heat absorbing element by the 
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radiation of heat thereupon, a gaseous circulating medium confined with- 
in said chamber for transferring heat by convection from said heating 
element and said heat absorbing element to said work, means for effect- 
ing the forced recirculation of said medium in a predetermined path 
over said heat absorbing element and said heating element when the 
latter is operative and through said batch of work, said heat absorbing 
element having a capacity for absorbing heat from said heating element 
and for transferring heat to said circulating medium great enough to 
provide a minimum temperature gradient in said batch of work when said 


work reaches control temperature. 


P-167 41. A batch type heat treating furnace comprising a heat insulated 


enclosure providing a chamber, means for supporting a batch of pieces 

of work in said chamber so as to permit the circulation of a gaseous heat- 
ing medium through said batchofwork, a heating element and a heat ab- 
sorbing element disnosed in said chamber, said heating element being 
adapted to heat said heat absorbing element by the radiation of heat 
thereupon, a gaseous circulating medium confined within said chamber 
for transferring heat by convection from said heating element and said 
heat absorbing element to said work, means for effecting the forced 
recirculation of said medium in a predetermined path over said heat 
absorbing element and said heating element when the latter is operative 
and through said batch of work, said heat absorbing element having a 
capacity for absorbing heat from said heating element and for transferring 
heat to said circulating medium great enough to maintain the rate of heat- 
ing said work just before control temperature is reached at a value 
substantially lower than the average heating rate during the work heating 
cycle. 

42. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a 
heat absorbing element disposed in said chamber, said heating element 
being adapted to heat said heat absorbing element by the radiation of 


~ y 
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heat thereupon, a gaseous circulating medium confined within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, means for effecting the 
forced recirculation of said medium in a predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 
transferring heat to said circulating medium great enough to decrease 
the rate of heating said batch of work during the last quarter of the 
heating period to less than three-fourths of the average heating rate for 
the work heating period. 3 

43. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous heat- 
ing medium through said batch of work, a heating element and a heat 
absorbing element disposed in said chamber, said heating element being 


adapted to heat said heat absorbing element by the radiation of heat 


P-168 thereupon, a gaseous circulating medium confined within said 


chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, means for effecting the 
forced recirculation of said medium in a predeterm ined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 
transferring heat to said circulating medium great enough to decrease 
the rate of heating said work to such an extent that the rate of heating 
just below control temperature is less than three-fourths of the average 
heating rate for the entire heating period. : 

44. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a 
heat absorbing element disposed in said chamber, said heating element 
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being adapted to heat said heat absorbing element by the radiation of 
heat thereupon, a gaseous circulating medium confined within said 
chamber for transferring heat by convection from said heating element 


and said heat absorbing element to said work, means for effecting the 


forced recirculation of said medium in a predetermined path over said 


heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element equal to 
the heat required to bring a full load of said work to control temperature. 
45. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element anda 
heat absorbing element disposed in said chamber, said heating element 
being adapted to heat said heat absorbing element by the radiation of 
heat thereupon, a gaseous circulating medium confined within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work,means for effecting the 
forced recirculation of said medium in a predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element greater 
than one-third of the heat required to bring a full load of said work to 
control temperature. 
P-169 46. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element anda 
heat absorbing element disposed in said chamber, said heating element 
being adapted to heat said heat absorbing element by the radiation of 
heat thereupon, a gaseous circulating medium confined within said 
chamber for transferring heat by convection from said heating element 


and said heat absorbing element to said work, means for effecting the 
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forced recirculation of said medium ina predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 
transferring heat tosaid circulating medium great enough to decrease the 
temperature gradient in said batch of work toa minimum during that 
portion of the heating cycle when the case is being formed on said work 
pieces. | 

47. A batch type heat treating furnace as defined in claim 40 in 
which the heat absorbing element comprises a pair of walls disposed 
outwardly with respect to the work and the heating element. 

48. A batch type heat treating furnace as defined in claim 40 in 
which the heating element comprises a pair of heating units disposed on 
opposite sides of the work, and the heat absorbing element comprises 
a pair of walls disposed outwardly with respect to the heat units. 

49. A batch type heat treating furnace as defined in claim 40 in 
which the heating element comprises a pair of heating units disposed on 

J opposite sides of the work, and the heat absorbing element comprises 
a plurality of walls disposed with respect to said work both inwardly and 
outwardly of said heating units. : 

50. A batch type heat treating furnace as defined in claim 40 in 
which the heating element comprises a plurality of heaters disposed in 
units on opposite sides of the work, and the heat absorbing element 
comprises a plurality of walled enclosures, one of said walled enclosures 
being disposed about each of said heaters. ; 

P-170 51. A batch type heat treating furnace as defined in claim 40 in 
which said heating element comprises a pair of heating units disposed 
on opposite sides of said work, and said heat absorbing element com- 
prises walls disposed between said heating units and said work. 

52. A batch type heat treating furnace as defined in claim 40 in 
which said heating element comprises a plurality of heaters arranged 


in units on opposite sides of said work, and said heat absorbing element 


comprises a plurality of walls disposed in pairs on opposite sides of 





50 
said heaters and in such way as to separate said heaters from one ano- 
ther. 

53. A batch type heat treating furnace as defined in claim 40 in 
which said heat absorbing element comprises a cylindrical wall disposed 
outwardly with respect to Said heating element and said work. 

54. A batch type heat treating furnace as defined in claim 40 in 


which said heat absorbing element comprises a cylindrical wall disposed 


between said heating element and said work. 

55. A batch type heat treating furnace as defined in claim 40 in 
which said heat absorbing element comprises a pair of concentric 
cylindrical walls disposed about said work and between which said heat- 
ing element is disposed. 

56. A batch type heat treating furnace comprising a chamber 
having an opening in its side affording access thereto, a horizontal 
grille type work support in said chamber adapted for supporting a con- 
tainer, said container having a perforate bottom and being adapted to 
support a batch of pieces of work in said chamber in such a manner as 
to permit the circulation of a gaseous heating medium through said batch 
of work, a heating element and a heat absorbing element disposed in 
said chamber, said heating element being adapted to heat said heat 
absorbing element by the radiation of heat thereupon, a gaseous circulat- 
ing medium confined within said chamber for transferring heat by con- 
-vection from said heating element and said heat absorbing element to 

P-171 said work, a fan operable for effecting the forced recirculation of 
said medium in a predetermined path over said heat absorbing element 
-and said heating element when the latter is operative and through said 
container and the batch of work therein and said work support, said 
heating element comprising a plurality of tubular heaters and said heat 
'absorbing element comprising a plurality of walled enclosures, one of 
said enclosures being disposed about each of said heaters. 
P-172 DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 
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Plaintiff's Exhibit No. 1 


JCC/pf 
In re application of 3 
John A. Dow Appeal No. 33,389 
Ser. No. 746, 277 Before the Board of Appeals 


Filed May 6, 1947 
For HEAT TREATING 
FURNACE AND METHOD 


E. J. Balluff for Appellant 


Examiner's Statement : 

This is an appeal from the final rejection of claims 30 through 56, 
which are all of the claims in the application. : 

A correct copy of the appealed claims appears at the end of 
applicant's brief (i.e. after page 22). 3 

The references relied on are correctly listed on page 16 of 
applicant's brief. | 

Applicant's invention appears to be adequately = on pages 
1 through 16 of applicant's brief. : 

Applicant has adequately described the references to Smith and 
Benner at pages 16 and 17 of kis brief since these references are combined 
to use the silicon carbide walls 6 of Benner et al in place of shell or 
inner liner 4 of the Smith furnace chamber. : 

The Fitz Gerald reference discloses a separate resistor chamber 
D (Fig. 1) which has the heating elements 9, 10 surrounded by silicon 
carbide walls 18, 19, 20, 21 so that these heating elements are separated 
from the material chamber H by walled enclosures. : Material to be 

P-173 heated is conveyed into chamber H on car 23, and is heated by 
radiation from plate 20 without being directly exposed to the heating 
elements 9 and 10. 

The Kelleher reference similarly discloses a separate resistor 
chamber for heating element 3 which is enclosed by walls 4, 5 and the 
bottom 10 (of silicon carbide) to also separates the heating elements by 
means of a walled enclosure from the remainder of the furnace chamber 
outlined by outer walls 1. : 
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The rejection of claims 30 through 48 on the references to Benner 
and Smith is believed to be adequately set forth in the Final Rejection of 
January 24, 1952. 

The rejection of claims 49 through 52 and 56 on the same references 
used in rejecting claim 30 in view of Fitz Gerald and Kelleher is believed 
clear in the Final Rejection of January 24, 1952 once the latter references 
are explained. It seems clear that either the heating elements 1 of 
Benner et al or the heating elements 21 of Smith can be enclosed 
separately from the remainder of the heating chamber in the manner 
that either the heating elements 9, 10 of Fitz Gerald or the heaters 3 of 
Kelleher are so separated from their respective work treating chambers. 

Applicant's brief argument has been carefully considered and it 
appears to admit that the separate elements claimed by applicant are 

} old but that he believes that when they are combined together, these 


| elements produce a new or unobvious result. It is submitted that the | 


results, so far as can be determined, are not unobvious Since each 
P-174 element in applicant's device still operates in the same way to U 
produce the same separate result that each element produced separately 
in the prior art furnaces. For example, it is notoriously old to store 
heat in heating chamber parts in order to reach a uniform treating 
temperature quickly either by initially preheating (as is done in low 
temperature cooking) or by using the heat storage material in the lining 
of furnaces when heating both linings and the work together so that the 
work is brought up to a uniform final temperature as quickly as possible. 
It is equally old to mechanically or even manually stir atmosphere ina 
furnace chamber or even elsewhere to prevent a temperature differential 
in an enclosure or to attempt to equalize the temperatures if they are 
different in various parts of an enclosure. These two steps are old, in 
and of themselves, and they do not appear to have any special or unusual 
relationship to each other when used together to make it unobvious to 
use both heat storage in furnace parts and mechanical agitation of furnace 
atmosphere simultaneously. 
It is submitted that in view of the above further explanation and 
argument, the final rejection of all the claims should be affirmed. 


E.J. Balluff, 3355 Penobscot Bldg. , Examiner 
Detroit 26, Mich. 
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Plaintiff's Exhibit No. 1 
Paper No. 22 


U. S. PATENT OFFICE 
BOARD OF APPEALS 
RHI 
Appeal No. 333-89 


Hearing: 
July 16, 1953 


IN THE UNITED STATES PATENT OFFICE 


BEFORE THE BOARD OF APPEALS 


Ex parte John A. Dow 
Application for Patent filed May 6, 1947, Serial No. 746, 277. 
Heat treating Furnace and Method. 


E. J. Balluff for appellant. 


This is an appeal from the action of the Primary Examiner finally 
rejecting claims 30 through 56, all of the claims in the case. 

Claims 32 and 39 are representative. 

32. A method of heat treating a batch of pieces of work ina 
confined atmospheric medium of a batch type furnace in which there are 
arranged a heat generating element and a heat absorbing element with 
the heat absorbing element arranged to absorb heat from said heat 
generating element, and which method comprises transferring heat by 
radiation from said heat generating element to said heat absorbing element 
until the latter has absorbed a substantial part of the heat required to 
bring a batch of work up to control temperature, arranging a batch of 
pieces of work in said atmospheric medium to absorb heat therefrom, 


then transferring heat by recirculating said medium in a predetermined 


o4 


path over said heat generating element and said heat absorbing element 
and through said batch of work until a substantial portion of said quantity 
of heat absorbed by said heat absorbing element has been transferred 
P-179 to said work, and then reducing the rate at which heat is transferred 
from said heat generating element to said batch of work; said method 
involving the heat transfer to said batch of work at such rate that the 
rate of heating said batch of work is great enough to produce a relatively 
large temperature gradient in the batch of work during the first part of 
the work heating cycle, and low enough during the latter part of the work 
heating cycle to decrease the temperature gradient in said batch of work 
until the control temperature of said batch of work is approached. 
39. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous heat- 
ing medium through said batch of work, a heating element and a heat 
absorbing element disposed in said chamber, said heating element being 
adapted to heat said heat absorbing element by the radiation of heat there- 
upon, a gaseous circulating medium confined within said chamber for 
transferring heat by convection from said heating element and said heat 
absorbing element to said work, means for effecting the forced recircu- 
lation of said medium in a predetermined path over said heat absorbing 
element and said heating element when the latter is operative and through 
said batch of work, said heat absorbing element consisting of a body 


comprising silicon carbide having a capacity for absorbing heat from 


said heating element greater than one-third of the heat required to bring 


a full load of said work to control temperature. 
The references relied upon are: 


Kelleher 1, 637, 486 Aug. 2, 1927 
Fitz Gerald 1,646, 058 Oct. 18, 1927 
Smith 1,721, 840 July 23, 1929 
Benner et al 1,997, 622 Apr. 16, 1935 


The subject matter of the appeal is the heat treatment of metals 
such as, for example, case hardening of metal articles. Of the appealed 
claims 30 to 38 are for the method and 39 to 56 for the furnace to be 
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employed. The latter is essentially a batch type treating furnace con- 


taining heating elements, a means for supporting metal articles to be 
treated therein and means, like a fan, for circulating gases in said 
furnace, and heat absorbing material, such as silicon carbide, which, 
in the preferred embodiment, surrounds the heating:elements. The 
capacity of the heat absorbing material named in certain apparatus claims 
is given as varying from one-third to the full amount of heat required to 
bring a full load of work to control temperature, which in the illustration 
P-180 is 1500°F. In other claims the heat capacity is functionally or 
more broadly indicated. The method claims require that a substantial 
portion of the heat absorbed by the heat absorbing element be transferred 
to the metal articles treated. In the main, the method claims appear to 
merely recite the inherent operation of the furnace above described. 
The procedure and its alleged advantages have been more fully 
set out on Pages 1 to 16 of appellant's brief. Much of this is a discus- 
sion of the graphs of Figs. 7 and 8 which purport to compare the opera- 
tion of a furnace, such as Smith's or appellant's without the heat ab- 
sorbing elements, (Fig. 7) with the claimed furnace (Fig. 8). In his 
discussion of these graphs appellant points out that in the conventional 
furnace, illustrated by Fig. 7, the temperature gradient (difference in 
temperature between the top and bottom of the work load) increases 
continuously during the entire heating period reaching a maximum of 
380° at the end of the work heating period. This is compared with the 
operation of appellant's furnace, illustrated by Fig. | 8, wherein the 
temperature gradient increases very rapidly during the first part of the 
work heating period, reaches a minimum at about the middle of this 
period and then increases somewhat until control temperature (1500°F) 
is reached, at which time the temperature gradient is about 240°. The 
graph is said to illustrate that much less time is required to equalize 
the temperature of all parts of the work and that the degree of processing 
will necessarily be more nearly uniform. Increase in the life of the 
heating elements, due to more rapid attainment of control temperature, 
is also pointed out as an additional advantage. Thus in Fig. 7, at 





56 
control temperature the heating element is at 1920° whereas, in Fig. 8, 
P-181 _it is only 1720°. 

Claims 30 to 48 stand rejected as unpatentable over Benner et al 
taken with Smith or vice versa. Benner et al discloses a furnace for 
the heat treatment of metals, which furnace is provided with heat storage 
liners of silicon carbide of substantial thickness. The purpose of these 
is to store heat so that there may be an immediate transfer of a large 
amount of heat to a cold charge of metal, thereby decreasing the time 
necessary to heat such metal by radiation from the heating element 
alone and the more uniform application of heat to all parts of the charge. 
Smith discloses a batch type metal treating furnace having means for 
supporting metal articles to be treated and having heating elements 
disposed around the walls but inside the furnace and having means for 
circulating the gaseous atmosphere therein. It appears to be the Examiner's 
view that the use of gas circulating means in the Benner et al furnace is 
without invention in view of Smith or that to include heat storing elements 
in the Smith furnace is uninventive in view of Benner et al. The Examiner 
notes that the method claims are largely functional recitals without po- 
sitive steps to accomplish the result specified and hence assumes that 
the silicon carbide lining is what accomplishes the result and that this 
would therefore be attained by Benner et al as well. 

We are in agreement with the Examiner that the method claims are 
largely functional and whatever results are obtained must be largely due 
to the operation of the furnace with the heat storing silicon carbide material 
therein. The results achieved by appellant and stressed by him, mainly, 
reduction of time in heating the metal articles and uniformity of heating, 

P-182 are fully described by Benner et al. While the latter did not provide 
‘means for circulating the atmosphere within the furnace, we perceive no 
invention in view of Smith in providing such means. The inclusion of 
such a fan would merely accomplish the normal and expected function 
of such device. We have noted the portion of Smith, quoted by appellant, 
which cautions against the use of a furnace having large heat storing capa- 


city. However, we see nothing in this statement which would militate 
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against Benner et al employing gas circulating means within their 

furnace. | 

Claims 49 to 52 and 56 stand rejected as unpatentable over the 
foregoing combination of Benner et al and Smith additionally in view of 
Fitz Gerald or Kelleher. The latter are said to disclose surrounding 
the heating means in furnaces with heat storing means and therefore the 
Examiner regards it as uninventive to do likewise in Benner et al or Smith; 
further, that the particular physical form of the enclosure is a mere 
matter of design and not invention. The use of tubular heaters in claim 
96 is held to add nothing of patentable merit because such heaters are 
well known. Appellant's views are that Fitz Gerald and Kelleher add 
nothing whatever to the disclosure of Smith and Benner et al and further, 
that the heating elements of the latter are apparently not arranged in 
the same chamber as the work being processed. We are not impressed 
with this minor alleged difference and we think it requires no invention 
particularly in view of Fitz Gerald in surrounding the heating element 
with heat absorbing silicon carbide as clearly disclosed by this patent. 
Furthermore, as indicated by the other modification disclosed by appel- 
lant, the exact placement of the silicon carbide heat absorbing material 
is not especially critical. | 

P-183 There appears to be no controversy on the rejection of claims 53 


and 55 as not readable on the elected species hence this rejection will 
be affirmed. : 
The decision of the Primary Examiner is affirmed. 


/s/C. S. Duncan, gr. 


/s/N. R. Bp. 
Exam iner—in—-Chief . 
/s/ J. Schinimel 
September 21, 1953 Examiner -in-Chief 
(Acting) 
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E. J. Balluff 
3355 Penobscot Bldg. 
Detroit 26, Mich. 
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THE BENEFITS OF CONTROLLED CYCLE TIMING 


With the DOWmatic HC-800, the process temperature 

. time at heat . . . quenching time . . . oil tem- 
perature and oil propeller speed can be pre-set to 
meet the most rigid metallurgical specifications, and 
the furnace will deliver load after load identically 
treated. The HC-800 will function as automatically 
as you wish, according to the options you select for 
your furnace. 


CONTROLLED FURNACE PRESSURIZING 


The Dow furnace pressurizing system protects the 
work from the time it enters the vestibule until it 
' emerges from the quench completely processed. An 
' automatic valve controls the pressure variations 
' which occur during load transfers, and also main- 
' tains a positive pressure within the unit during the 
processing cycle. Automatic purging controls the in- 
flux of air when the outer door is open. A protective 
' blanket of atmosphere is maintained over the surface 
of the sealed quench bath, preventing air contamina- 
tion of the oil. 


CONTROLLED QUENCH OIL CIRCULATION 


Maximum hardness is achieved because every gallon 
of oil in the quench tank is cascaded down through 
| the load several times per minute by the powerful 
| circulating propeller. Aufomatic temperature control 
' and the uniform flow of oil past the parts assures 
minimum distortion. Hot oil quenching (190°-400°F.) 
and variable speed propeller operation offer the ulti- 
mate in quenching control for distortion-sensitive 


parts. 


CONTROLLED ATMOSPHERE CIRCULATION 
Extremely rapid and uniform heating assures maxi- 


" . mum uniformity of case depth throughout the load. 


' The high volume circulating fan draws the furnace 


(Controlled Atmosphere Circulation Continued) 


atmosphere up through the work, forces it down past 
the radiant tubes and back again to the work in a 
closed path. Proper location of the additive gas in- 
lets and thermocouple provides extremely close con- 
trol and unusual heat treating accuracy. 


%& THE DOWmatic HC-800 IS ALSO AVAILABLE 
EQUIPPED FOR COMPLETELY AUTOMATIC 
OPERATION. THE OPERATOR MERELY ROLLS 
AWAY THE PROCESSED LOAD AND PLACES 
A GREEN LOAD BEFORE THE VESTIBULE DOOR. 
OR AUTOMATIC TRANSFER MECHANISMS 
CAN BE USED, IN ADDITION, TO MOVE THE 
WORK TO AND FROM THE FURNACE. 
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HOW THE. DOWmatic works Sr aS 


Pit, peel, seed goiewars pone: Taciagbi, et . pubes are. Per 
ee ES ‘processed charge into the quench, and lines up the ° >. 
in a batchtype furnace: = <>." ipre-conditioned load with the furnace chamber roller > 


‘hearth. ‘This load is now moved automatically into a 
LOADING PRECONDITIONING PROCESSING _ 01 ORs. 
0 e 3] = ae the forneici ciemiber; and the inner door closes to. # 
@ QUENCHING @unioaninc.. <i.!  ° $tarf processing. When the: pre-set quenching time - gage 
Starting the cycle with a loaded container “A” on: has elapsed, an alarm alerts the operator who opens | cae 


pr. 


‘iacuppersection of Haidoulbeslevoloy‘cisd cindilied=* ‘the ‘vestibule door: ‘rhoves a green load onto the:up-* hae 
container “B” processing in the high-heat chamber, .. ‘sper section ‘of ‘the elevator, raises the elevator, -re- re : 
the furnace operates as follows: When the pre-set: : “moves the’ quenched toad and closes the ‘vestibule. : eee Re 
» door. OPERATOR'S TIME AT FURNACE — LESS THAN. tee: “2 
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DOW BUILT-IN ENDOTHERMIC GAS GENERATOR HEAT CAPACITOR 
The growing trend toward the integration of heat treating furnaces In Dow furnaces, several hundred 
into production lines, makes Dow’s space-saving design an impor- pounds of high specific heat refractory 
tant feature. material surround each radiant tube 
and baffle the work chamber to form a 


When you buy a Dow furnace, there is no separate generator to install, main- : 

tain or occupy valuable floor space. a pean As spc = 
Each radiant tube has a 214” alloy tube filled with nickel brick catalyst, a tube _increases the rate of heating at the start 
which is concentric with and extends through the firing leg of the radiant tube. of the heating cycle. Then, as the charge 
The air-gas mixture from controls mounted on the furnace “cracks” as it goes approaches the control temperature, 
through the catalyst and enters the furnace at the operating temperature. the refractory material absorbs excess 


ee ‘ ‘ . , heat from the gas stream, so that the 
The enthusiastic acceptance of Dow users, ordering their second and third units, interior of the chamber and the charge 


provides the best testimonial of the value of this type of atmosphere gas gener- reach the preset control temperature at 
ation. the same time. 








= GUESS 


“2 aon LOWE OF FURNACE COMPARISONS! 


There is only one positive means of comparing furnace values: 
The actual net pounds per hour capacity of YOUR parts, sucess- 
fully heat treated to YOUR specifications — per dollar of invest- 
ment — for each unit being considered. 


The Dow Furnace Company welcomes the opportunity to demon- 
strate the ability of Dow furnaces to deliver quality parts on a 
production basis — at a competive price. You will appreciate the 


surprisingly low operating cost per pound. | F I L E D 


— DEC Z 11956 
DOW COMPACT DESIGN PERMITS MAXIMUM, 


PRODUCTION PER UNIT OF FLOOR SPACE 


Today's high construction and building-maintenance costs make conservation of 
floor space a bigger factor in the selection of equipment. The compact, efficient 
design of Dow furnaces assures maximum use of floor area. | 


For most applications, a battery of Dow furnaces will out-produce a continuous 
furnace installation using a comparable space. If floor space is a problem with 
you, Dow will prepare a floor plan layout to meet your space requirements. No 
cost or obligation. Write or call today. 


PRINTED IN U.S.A. 


D0 FURNACE hi with 12045 WOODBINE AVE., DETROIT 39, MICH. 


COMPANY | TIPE CONTROUED PHONE: KEnwood 2-9100 
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Dow's“ 
MODEL ...DOW Ss answer fo 
Licks those a tough job! 


tough jobs | | Distortion problems in heat treating a part with 
e “3 ee | sections of varying thickness, such as the planetary sun 
gear pictured below, have plagued metallurgists for 





Slashes your a ee tas 

oe ~~ Sars cise Furthermore, all gear teeth must “unwind” accur-* 
heat treat 3 a Le ately and consistantly, load after load to eliminate, 
costs! — $ ‘{ possible chatter and whine when placed in service. 


The Dow Model “J” furnace with Hot Oil Quench 
and No-Gap, Sealed Cycle operatior licked this tough 
job and can handle other such difficult pieces with 
minimum distortion, unusually clean surfaces, accurate 
dimensions, uniform hardness, batch after batch with, 


reasonable care. | 


The typical load shown in the production report 
below was pre-heated, heated, and quenched without 
air touching it after the initial loading. 








*""NO-GAP” OPERATION—A batch type furnace with less than 30 seconds ¢ 
between loads. Work chamber is never exposed to air. Loading is 
accomplished while slow cooling or quenching a previous load. > 
GREATER PRODUCTION—Actual field operation has proven conclusively 
that the Dow Model J-800 will easily bring 800 pounds from room 
temperature to 1500° F in less than one hour. 
PRODUCTION REPORT 
COMPACT CONSTRUCTION—Occupies floor area of only 7'10” x 14'4” 
giving maximum production for minimum floor space. FURNACE—Model J. PART—Planetary Sun Gear @ 
an er MATERIAL—SAE 1338 WEIGHT—1.3 Ibs. per piece 
VERSATILITY—Ideal for carbonitriding, gas carburizing, clean hardening 
and carbon restoration. Hot oil quenching and atmosphere cooling 
equipment available. HEAT TREATMENT 
PROCESS—Carbenitride TEMPERATURE—1500° F< 
EXCLUSIVE FEATURES —High capacity fan combined with heat capacitor 2 " 
assures uniform case depth throughout each load «+ Forced circula- EFFECTIVE CASE DEPTH—0.010" - 0.012 HARDNESS—Reckwell © 68 “ 
tion of quench oil assures uniform hardness with minimum distortion HOT OIL QUENCH—350° F TARE LOAD—176 Ibs. 
¢ Sealed quench tank gives cleaner stock—minimizes fire hazard. NET LOAD—Hand loaded in 4 layers separated by 3 screens. 68 pieces 
vor tore, SHA icon par foul a1t Ret var ee 
TIME CY 
CLE HOURS PER LOAB- 
FURNACE HEATING TIME—(312 Ibs. + 178 Ibs.) x 256 BTU per Ib. _ 0.68 
208,008 BTU per hour i. * 
COMPAN 2 HOLD AT HEAT TIME = 1.14 
aality ce your’ supine s umoaning TIME = 
beat tnuesiment TOTAL TIME CYCLE 115 
12045 Woodbine Ave., Detroit 39, Mich. ” 
Phone: KEnwood 2-9100 CAPACITY 
< 





LET DOW SHOW YOU HOW TO TURN THOSE 1-75 Wears per lead — 
NIGH IORS INTO PROFIT [ORS | =~ ‘weno ler 


UNSURPASSED 
QUALITY 


Combines the operating economies of 

lorge continuous furnaces with the 
flexibility of batch-type equipment. Positive, 
directed flow of furnace atmosphere through 
load, combined with the “heat capacitor” 
assures rapid, uniform hecting on dense, 
bulk-loaded parts and even on light case 
work. 


GREATER 
PRODUCTION 


The Dow Furnace has established 
production records in plants through- 

out the country. Forced, uniform quenching 
from atmosphere gives full hardness, reduces 
distortion, eliminates decorburization. One 
mon can operate two furnaces with ease, 
producing os much as 1500-Ibs. of light case 
work per hour. 


WIDER 
VERSATILITY 


Whether it’s gas cyaniding, gos cor- 
burizing, clean hardening or carbon 
restoration work, the Dow Furnace is 
capable of processing a variety of parts 
hoving co wide range of heat treatments. To 
demonstrate the close tolerances of heat 
treatments, send us samples of your own 
ports for processing. 


—_———> AT LOWER COSTS 


Reductions in direct labor, material handling, 
machining and cleaning costs, coupled with im- 
proved quality, have resulted in savings amortizing 
the original cost of the Dow Furnace in a few 
months. Gas cyanides for % to % the cost of 
liquid cyaniding. 


FIRST 
WITH MECHANIZED BATCH-TYPE 
CONTROLLED ATMOSPHERE FURNACES 


12045 Woodbine Ave. « Detroit 28, Michigan 
KEnwood 2-9100 
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COMPANIES USING 
DOW EQUIPMENT 


AMERICAN METAL PRODUCTS CO. 
Detroit, Michigan 
BOSWORTH STEEL TREATING CO. 
Detroit, Michigan 
BUICK MOTOR DIVISION 
Flint, Michigan 
CHEVROLET BAY CITY DIV. 
Bay City, Michigan 
CHEVROLET FLINT MFG. DIV. 
Flint, Michigan 
CHRYSLER CORPORATION 
Highland Park, Michigan 
COMMERCIAL STEEL TREATING CORP. 
Detroit, Michigon 


JOHN DEERE DUBUQUE TRACTOR WORKS 
Dubuque, lowa 


DELCO REMY DIVISION 
Anderson, Indiana 


DETROIT TRANSMISSION DIVISION 
Detroit, Michigan 
FORD MOTOR COMPANY 
Dearborn, Michigan 
G. M. RESEARCH LAB. DIV. 
Detroit, Michigan 
G. M. TRUCK & COACH DIV. 
Pontiac, Michigan 
INTERNATIONAL BUSINESS MACHINES CORP. 
Poughkeepsie, New York 


MORSE CHAIN COMPANY 
Ithaca, New York 


OLDSMOBILE DIVISION 6. M 
Lansing, Michigan 
PACKARD MOTOR CAR COMPANY 
Detroit, Michigan 
PERFECTION TOOL & HEAT TREATING CO. 
Chicago, Illinois 
J. W. REX COMPANY 
Lansdale, Pennsylvania 


STUDEBAKER CORPORATION 
South Bend, Indiana 
VINCENT STEEL PROCESS COMPANY 
Detroit, Michigan 
WARNER GEAR DIVISION 
Muncie, Indiana 


The preceding firms are at pres- 
ent using one or more Dow 
Controlled Atmosphere Fur- 
naces, Dow Draw Furnaces and 
Dow Wash Machines. 
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ADDITIONAL COMPANIES USING DOW EQUIPMENT 


AC Spark Plug Division ' General Motors Corp. Flint, Michigan 
Aircraft Engine Division Ford Motor Company Chicago, Illinois 
Axle Division Eaton Manufacturing Co. Cleveland, Ohio 
Chevrolet Aviation 

Engine Division _ General Motors Corp. Flint, Michigan 
John Deere Waterloo 

Tractor Works Deere Manufacturing Co. Waterloo, Iowa 
Dodge Division Chrysler Corporation Indianapolis, Ind. 
Dura Division Detroit Harvester Co. Toledo, Ohio 
Ferro Stamping and 

Manufacturing Co. | Mt. Pleasant, Mich. 
Lansing Heat Treating Co. Lansing, Michigan 
Marvel-Schebler Products 

Div. Borg-Warner Corp. Decatur, Dlinois 
Perfection Heat Treating Co. Detroit, Michigan 
Pontiac Motor Division = General Motors Corp. Pontiac, Michigan 
Rochester Products Division General Motors Corp. Rochester, N. Y. 
Saginaw Steering Gear Div. General Motors Corp. Saginaw, Michigan 
S.K.S. Heat Treating Co. Flint, Michigan 
Stanley Tools _ The Stanley Works Newark, N.J. 


Steel Treat, Incorporated . Detroit, Michigan 


Supreme Products Company Chicago, Illinois 
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By J. A. Dow 


President, Dow Furnace Co. 
Detroit 


Advantages of the continuous gas cyaniding fur- 
nace, at less first cost for equipment, are secured 
in a batch-type furnace with work contained in 
shallow boxes charged and discharged through a 
vestibule at one end. Innovations are in methods 
of rapid heating of cold charge by an interchange 
of heat with an “accumulator” built into the furnace 
walls, the continuous adjustment of gas atmosphere 
to the work temperature by an ingenious placement 
of catalyst tubes, and oil quenching by a down-rush 


of a cascade of liquid. 


‘Gprieaytateenyine or cyaniding with gas, has 
now become well established as a low cost 
substitute for the traditional cyanide pot, and 
bids fair to replace it in a few years as the 
established method of obtaining a thin, file-hard 
case on parts made of low-carbon steel. Some 40 
or more continuous furnaces are daily caseharden- 
ing all types of parts normally cyanided, with a 
direct cost (including labor) of little more than 
the cost of the cyanide drag-out of liquid cyanid- 
ing. Total costs of less than %¢ per lb. are not 
uncommon. 

In contrast to what may be called the wet 
method, all gas cyanided parts are quenched in 
oil, unless core hardness specification requires 
the faster quenching rate of water. For this rea- 
son distortion is much reduced, and local harden- 
ing with its attendant high labor cost is rarely 
found necessary. This feature of the gas process 
was ably presented by Walter H. Holcroft in his 
article in September’s Metal Progress. He pointed 
out that the advantage lies in being able to vary 
the carbon and nitrogen contents of the case inde- 
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A New Batch-Type 


Gas Cyaniding Furnace 
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pendently. Nipagees. i jke other 
well-known alloying a of steel, 


reduces the critical quenching speed, 
and can readily be varied in the gas 
process to form a quenched microstruc- 
ture of any desired relative content of 
martensite and austenite. 

The continuous furnace is, how- 
ever, limited in application to relatively 
high production of like parts, or parts 
requiring the same temperature of treat- 
ment and case depth. Industry’s need 
for a batch-type furnace, with its lower 
initial cost and greater adaptability in 
operation, has long been recognized by 
all furnace engineers, but attempts to 
pattern a lower capacity batch furnace 
after the continuous furnace design 
have invariably led to a furnace too 
costly for its output. This high cost 
seemed unavoidable, due to the expensive mech- 
anisms required for heating and sealing the fur- 
nace, and handling the work, as well as to the cost 
of the very necessary gas generator. 

A three-fold development program, undertaken 
some years ago, has now resulted in a new type of 
furnace, well tested by eight months of continuous, 
trouble-free operation by one of the leading auto- 
mobile makers. The furnace incorporates innova- 
tions in heating and quenching and a marked 
simplification of the gas generator. It has operat- 
ing costs that compare very favorably with the 
continuous furnace, and the adaptability inherent 
to the batch-type. The three major developments 
are described in the following paragraphs. 

Higher Speed Heating — Radiation from elec- 
tric elements or gas-fired radiant tubes was 
quickly discarded as the prime method of heat 
transfer, since it involved single layer heating 
with two attendant drawbacks — namely, continu- 
ous attention of the operator, and a very large 
furnace for case depths of more than 0.001 or 
0.002 in. Convection heating, as conventionally 
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ing to exceed these case 
depths is illustrated in Fig. 5. 

Although the steel near 
the surface of the plate was 
heated to a much higher 
temperature than it would 
attain in the normal harden- 
ing process in a furnace, the 
grain was not excessively 
coarsened at the surface. 
This was due to the short 
time the material remained 
at high temperature. A typi- 
cal microsection through the 
surface of a flame hardened 
plate is shown in Fig. 6. 

Several plates were 
hardened in which the 
amount of overlap between 
successive passes was varied. 
Typical examples for 1-in. 
plate are shown in Fig. 2. It 
was found that a minimum 
overlap: of 1 in. (shown sec- 
ond from bottom as 2-R-8) was necessary to pro- 
duce a uniform case contour. However, it was 
impossible to obtain uniform hardness across the 
overlapped region because of the tempering effect 
of the successive pass on the previously hardened 
case. Such a tempered region may be noted in 
Fig. 2 and 5 by the variations in etching response 
of the structure at the overlap and by the lowered 
hardness at that point in Fig. 4. 


400 X. 


Distortion, Straightening and Cracking 


The major problems encountered in the flame 
hardening of armor plate were the control of dis- 
tortion and cracking, in turn produced by the 
drastic differential heating and cooling that is 
characteristic of this process. 

In general, the distortion was such that the 
hardened layer was the concave face of the plate. 
This resulted from the expansion and upsetting 
of the heated face which, on cooling, was placed 


Fig. 6 — Microstructure of Case 
at Top Surface. 
Layers above marten- 
sitic body are of undetermined 
nature — possibly a scale effect 


in tension. With the thicker 
plates of 12x18-in. size, dis- 
tortion was slight, but in 
Y%-in. plate it became serious 
enough to interfere with the 
proper operation of the 
equipment. To overcome 
most of this distortion, the 
thin plate was bolted to a 
rigid frame during the 
hardening process. 

Even with 1-in. plates, 
the over-all distortion when 
surface areas of 36x36 in. 
were hardened became so 
great that straightening was 
necessary. Such straighten- 
ing often cracked the hard- 
ened layer. Maximum 
distortion in 1x36x36-in. 
plate is illustrated in Fig. 7. 
Attempts to overcome dis- 
tortion by prebending the 
plate were unsuccessful, for 
differences in the residual stress condition from 
one plate to the next produced an unpredictable 
movement during hardening and prevented exact 
calculation of proper amount of prebending. 


Nital etch; 


Summary 


It is a comparatively simple matter to 
produce hardened layers of appreciable thickness 
on steel by the flame hardening method, as has 
been previously shown by the successful applica- 
tion of this process to the surface hardening of 
gear teeth, valve stem ends, and many other 
machine parts. However, when the width of the 
required case is greater than can be hardened by 
a single pass of the torch, and the mass or area is 
such that an oscillating progress of the flame is 
impracticable, a uniform metallurgical structure 
cannot be obtained across the overlap region. In 
all instances a softened edge will exist in the prior 
passes due to the reheating effect of the subse- 

quent passes. This extends throughout 
the previously hardened surface. Although 
distortion may be negligible where the 
case is shallow and where the unhardened 
metal is sufficiently rigid, it may readily 
become excessive in the flame hardening of 
flat plates of considerable area. e 


Fig. 7 — Maximum Distortion in a 36x36-In. Piece 
of 1-In. Armor Plate After Flame Hardening. The 
hardened surface is up and has become concave 
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To accomplish this desired result and by a much 
simpler mechanism, a “heat capacitor” was devel- 
oped, in the form of refractory masses of high 
specific heat surrounding the radiant tubes. When 
a fresh ioad of work is put into a hot furnace, this 
heat capacitor gives off heat to the circulating 
gases at a very rapid rate, augmenting that given 
off by the radiant tubes. As the stock approaches 
its critical temperature, however, the heat capaci- 
tor has been cooled to a point where it actually 
becomes a heat absorber, and stores a large part 
of the heat produced by the radiant tubes whose 
temperature is maintained at a higher level by the 
action of proper automatic control mechanisms. 
The heat absorbing mass receives this heat through 





,@ 
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Fig. 2-— Group of Small Parts, Gas Cyanided 


direct radiation, thereby reducing the amount of 
heat which must be handled by the circulating 
gases. Through this action of the heat capacitor, 
the gradient in temperature through the load, as 
it approaches control temperature, is less than 
one tenth that of the early heating period —in 
fact, it is of such a low value that a case variation 
of +0.001 in. is found on parts of a load quenched 
only 5 min. after the control thermocouple indi- 
cates control temperature is reached. 
Quenching — The heating of bulk loaded parts 
adequately solved, the problem of quenching this 
mass of parts came to a head. A series of tests 
was devised in which S.A.E. 1335 bolts were 
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imbedded in a load of %-in. diameter button 
headed rivets, % in. long. The box was fitted with 
a wire screen bottom, and was arranged to fit a 
quenching elevator sealed by leather bands in a 
small quench tank. As the elevator dropped, it 
acted as a piston forcing oil up through the box of 
parts resting on it. On the first test, the bolts and 
rivets were floated clear out of the box! 

The final design of quench tank uses a pro- 
peller driving the oil past a partition so it takes a 
closed circulating path; thus the oil is forcibly 
drawn down through the work baskets in 
extremely high volume. This is a far cry from 
the more or less uncontrolled agitation of a bath 
induced by a propeller in an open tank, where no 
pressure differential across the load can 
be developed. 

Ample experience with this new 
design proves that loads of densely 
packed parts of S.A.E. 1335 steel can be 
oil quenched to a core hardness within 
the range of 2.60 to 2.70 mm. impression 
diameter (Brinell 555 to 514), the range 
regularly obtained on the same part 
quenched singly into a deep oil tank from 
a recently built conveyer furnace. 





Gas Generator 


Adequate control of gas carburizing 
or gas cyaniding it based on the premise 
of an adequate supply of uniform quality 
generator gas of American Gas Assoc.’s 
Class 302.* Unless the carbon dioxide 
and moisture content of this gas is very 
low and constant, a variation in case 
quality is unavoidable. This gas is con- 
veniently made in a gas generator operat- 
ing at a temperature of at least 1750° F. 
— normally a separate furnace structure 
having its own heating equipment and 
temperature controls, and involving con- 
siderable cost of manufacture. 

It was discovered that if the quantity of gas 
taken from such a gas generator were reduced, its 
operating temperature could be reduced, but it 
must at all times be considerably hotter than the 
furnace in which its gas is to be used if a gas of 
adequate quality is to be produced. (By “adequate 
quality” is meant the negative attribute of being 
powerless to scale or decarburize the steel at work- 
ing temperatures, and the positive attribute of 
being a proper carrier of carbon and nitrogen to 





*An endothermic base, completely reacted gas-air 
mixture, with formation of water vapor held to a 
minimum by the use of a catalyst in the reactor. See 
Metal Progress Data Sheet, August 1947, p. 256-B. 
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done with atmospheres circulating from external 
heater to furnace chamber, was far from satisfac- 
tory. This is due to the wide variation in tem- 
perature normally existing in different parts of the 
lead when approaching control temperature, and 
to the long time interval between the first and last 
pieces of the load reaching control temperature. 
To properly evaluate this in light case work, it 
should be recognized that a case of 0.007 in. can 
be produced in 15 min. at 1550°F. A variation 
in time at heat of even this small amount can 
therefore cause an excessive nonuniformity of 
case. Convection heating was, however, chosen 
over radiation as holding the greater promise for 
improvement. 

An analysis of convection heating furnaces 
showed that containers of small cross section and 
relatively great depth, when filled with small parts, 
offered an excessive resistance to a high volume of 
air flow. .Some considerable improvement in 





heating characteristics was obtained by greatly 
increasing the cross-sectional area of the work 
containers, and at the same time reducing their 
depth. This improvement did not, however, prove 
adequate, although it did permit a lower fan speed, 
and this has saved much maintenance expense. 
Later work provided a simple and very effective 
solution. 

It was reasoned a high temperature gradient 
through a load was inconsequential below the 
critical of the steel, provided the gradient could be 
reduced in the later stages of the heating cycle and 
before the first of the parts reached case-forming 
temperature. A very, very high heat input in the 
early part of the heating cycle, followed by a 
reduced heat input toward the end, would produce 
this pattern of temperature gradient with no sac- 
rifice in over-all heating time, but this seemed to 
indicate that the number of heating elements or 
radiant tubes must be largely increased in number. 


Fig. 1— Batch-Type Carbo-Nitriding Furnace, Viewed From Charg- 
ing (and Quenching) End. Unique features include atmosphere- 
generating tubes within the radiant tubes that heat the furnace 
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The First Successful Photograph of Steel Surface Made With an Electron Microscope 


Pearlite at 24,000 X. Photograph made in 1940 in V. K. Zworykin’s lab- 
oratory (Radio Corp. of America) by Robert F. Mehl, E. G. Ramberg 
and R. F. Baker. Single replica method, using the plastic “Vinylite” 
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the steel’s surface.) The gas generator of the fur-' 
nace, whose photograph is reproduced as Fig. 1, 


consists of six tubes of small diameter, inside the 
burner leg of each of the six heating tubes. The 


generator tubes are concentric with the larger 


heating tubes and extend through them. They are 


welded to the return-bend elbows, and are free to 


expand through gasketed joints in the burner 
head. These generator tubes are filled with a con- 
ventional type of catalyst and are fed with the 
conventional mixtures of air and natural gas or 
propane. , 

These inner atmosphere-generator tubes 
extract heat from the gas burning in the annular 
combustion space at a much faster rate than 
required for the endothermic reactions going on 
within them, and so become considerably hotter 
than the exterior surfaces of the radiant tubes 
which, in turn, operate hotter than the furnace at 
all times. (An unconventional burner design and 
system of temperature control maintains a high 
temperature difference between the generator tube 
and the furnace on low firing, without in turn 
causing this difference to be excessive on high 
setting.) On account of this continuous tempera- 
ture differential between gas generator and furnace 
load, the gas atmosphere produced is automatically 
varied in CO:CO,: H,.:H,O:CH, equilibrium so 
it has “adequate quality” —in the sense defined 
above — for medium-high carbon steel throughout 
the entire heating and carbo-nitriding cycle. 

A further gain is obtained from the circum- 
stance that such a concentric arrangement 
increases the heat extraction rate from the burn- 
ing gas, and permits operation of the tubes at 
approximately 50% greater capacity than the 
usual practice, with no sacrifice in efficiency of 
combustion, as proven by metering the gas used. 


Furnace Operation 


The photograph on page 985 is of the first 
production furnace embodying the developments 
described above. The furnace was installed in an 
automotive plant in Michigan in April 1947, and 
has been in continuous operation since then, 
except for a period of one month, when a sudden 
appearance of sulphur in the natural gas necessi- 
tated the installation of a bank of propane cylin- 
ders for the gas generator and carburizing 
addition. Maintenance has been negligible. 

Four trays and work boxes compose a furnace 
load. Each container is approximately 12x18x12 
in. high. A 500-Ib. net load of anything from nuts 
to stampings is heated to control temperature in 
36 min., and is held at heat from 5 min. to 1 hr., 
depending on the case depth specified. The load- 


ing and unloading time is 8 to 10 min. Two trays 
are quenched at a time through the vestibule to be 
observed under the control machinery at the front 
of the furnace. The vestibule’s outer door is at 
the end of the short rails on the loading conveyer; 
the vestibule’s inner door is a heavy refractory 
slab which is lifted into the housing seen immedi- 
ately behind the control machinery. The floor of 
this vestibule is the platform of an elevator, and 
the hot load is lowered into the quenching oil and 
a powerful rush of oil drawn through by sub- 
merged pump (as indicated in the previous gen- 
eral description). The hot parts thus do not 
contact air and are gray in color after quenching. 

Both the Mner and outer vestibule doors are 
opened momentarily for loading, and the trays are 
loaded across the quenching elevator, whose plat- 
form is equipped with gravity rolls. The elevator 
and inner door are motor operated. 

Companion wash machines and tempering 
furmaces have been designed for handling parts 
without emptying them from the hardening fur- 
nace boxes. 

The commonly specified 0.003-in. cyanided 
case is formed in about 10 min. at heat, giving a 
oe heating and holding time of 46 min. for 500 

of party a floor-to-floor time of 56 min. 
“Bos BT sy is required at the furnace only about 
ety hour, leaving 50 min. to load and 
unload bell and attend to other furnaces. 
Gilinan’s time allotted to the furnace, 
the direct operating cost of the load described, 
including labor, fuel, generator gas, carburizing 
addition, ammonia, electricity and a generous 
allowance for maintenance is between $0.003 and 
$0.004 per lb. treated. (It is recognized that fur- 
naces can rarely be operated continuously at rated 
capacity, and that average costs over a long period 
will be somewhat higher.) 

Since water quenching is unnecessary, distor- 
tion is greatly reduced. In the installation photo- 
graphed, parts, which in previous practice were 
locally treated in liquid cyanide and straightened 
after quenching, are now treated all over and the 
straightening is eliminated. The entire quantity of 
parts previously treated in two electrically heated 
cyanide pots is now being handled by this fur- 
nace, and there is considerable excess capacity 
which has been assigned to parts requiring a case 
depth of approximately 0.040 in. With a slight 
ammonia addition to the carburizing gas, these 
deeper cased parts also quench out in oil. 

Summarizing, the furnace has completely 
eliminated liquid bath heat treatment of produc- 
tion parts in this large automotive plant, and is 
being found to be a cost saver on an ever increas- 
ing list of parts. e 
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The following calculations show that the total time cycle, (preheat 
time plus load time) is approximately the same whether the furnace is 


lined with the silicon carbide material or the insulation. 


The amount of heat required to raise the temperature of an object is: 
Q=Wx Cy x AT 





where Q = Quantity of heat in calories 
Cc = Specific heat of the material 
P (0.143 cal. /gram/°C, is the 
specific heat of steel) 
AF = Temperature difference, me 
WwW = Weight of load in grams 


Heat required to heat a load of W grams of steel from 25°C to 1000°C. : 


. 2, = wx. 143 cal/gram°C x (1000-25) 
’ = 139.4xW 
Heat supplied by lining when heating load: 


, The Silicon carbide (SIC) lining supplies heat at a rate of 
ee, 645, 000 cal. /min. for the 10 minutes the load is in the 
furnace, 


= 6,450, 000 cal. 


The insulation lining if used instead of the silicon carbide 
| supplies heat at a rate of 8, 000 cal. /min. for the 90 
7 minutes the load is in the furnace. 


= 720,000 cal. 
Let rate of heat supply by heating elements = Qe cal. Peat. 
6 then Qe = Heat required by load - Heat supplied by lining 
. Heating time 


For the SiC lining, the load heating time is 10 minutes 


and Q, = 139.4W - 6, 450, 000 cal. /min. 


10 
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For the insulation lining, the load heating time is 90 minutes. 


a 


and Qa = 139.4W - 720,000 cal. /min. a 
90 
now Q = 139.4W- - 6,450, 000 = 139.4W - 720,000 
- 10 90 
and, solving for W, é 


W -= 51,400 grams, (approximately 115 lbs.) 


thus Q, = 139.4W = 7, 165, 160 cal. 
and Q, = QO - 6,450,000 = ‘71, 516 cal. /min. 


10 


Total Cycle with Silicon Carbide lining 
The total operating cycle is the preheating time plus the time the 


load is in the furnace. We have seen that the heat supplied by the 
SiClining is 6, 450, 000 cals during the 10 minutes the load is in the 
furnace. This heat must be added to the lining during the preheating 
from 1000 to 1350°C. If the lining could be heated at the same rate as 
that at which it supplies heat to the load, it would take 10 minutes for 

_ preheating plus 10 minutes for the load making a total time of 20 minutes. 
However, the element can supply heat only at a constant rate, 


Qe = 71,516 cal./min. Thus the time to preheat the lining is: 
6, 450, 000 cal. - 90.2 minutes 


71, 516 cal/min 


Thus the total time for preheating and for the load is 90. 2 plus 10 or 

100.2 minutes. This total time of approximately 100 minutes agrees 

with Benner's statement Page two, Col. 1, line 12, et. seq: "The time 

of heating for a massive charge of metal can be decreased to approximately 
_ one-tenth that when the charge is heated by radiation from the resistor 


Total Cycle with Insulation Lining 
The heat supplied by the insulation lining to the load is 8, 000 
cals. /min. for 90 minutes, or 720, 000 cal. 





, 


y FY Fe ee 





69-b | 
The element can supply heat only at a constant rate, 
Q, 71,516 cal. /min. : 
Thus the preheat time for the insulation lining is: 


720, 000 cal. = 10.1 minutes 
71,516 cal/min 


Thus the total time for preheating and for the load is 10. 1 plus 90 or 
100. 1 minutes. | 


It can be seen therefore that the total time for preheating the furnace 


and for heating the load does not depend on the lining material. 
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TEMPERATURE UNIFORMITY TEST 


Test performed on Dow furnace, Serial No. J-7, installed at Bosworth Steel 
Treating Company, Detroit, Michigan, May 20, 1955 


Curve 1 - Temperature of gas leaving heater and entering load 
Curve 2 - Temperature of gas leaving load 

Curve 3 - Estimated curve of temperature of parts at bottom of load 
Curve 4 - Average rate of heating 


Load consisted of steel collars, approximately 2" 0.D., 1" LD. , 3/4" high, 
loaded with their axes vertical in eight identical layers, "exch separated by 
screens, 


Net weight of collars - 506 pounds; gross weight of load including box, tray 
and separating screens - 656 pounds. 
Control temperature - 1550°F 


Time for control thermocouple to reach control temperature - 48 minutes 
Total furnace time - 69 minutes 


Case Depth 
Top of load: 0.008" - 0,009" 
Bottom of load: 0.006" - 0,007" 


Weight of heat capacitor - 1528 lbs. Heat content of capacitor at 1550°F, - 518,000BT 
Heat required to raise load from room temperature to 1550°F, - 158,000 BTU 





|HEAT TREATIN 


NEW SLANTS AND SOME OF THE OLD TRICKS 
PUBLISHED FOR HEAT TREATERS BY HEAT TREATERS 






SURFACE HARDENING 
WHY AND HOW 


PART 1 


By Norman O. Kates 


THE QUESTION of “why surface harden” 


~ is best answered by stating that specific 


t 


engineering requirements make it nec- 
essary for the engineer to produce steel 
parts which possess a hard wear resist- 
ant surface and at the same time have 
an underlying core which is tough or 
soft. In brief what is desired is a com- 
posite steel to satisfy pertinent physical 
properties. 

It is possible, therefore, to select a 
steel of low, medium or high carbon 
content, with or without alloy and pro- 
vide surface hardening by three meth- 
ods. 


1. Altering surface composition utiliz- 


| ing a solid, gaseous or liquid medium. 
| 2. Obtaining surface hardness by local- 


_ ized heating and quenching without 





_ altering surface chemistry. This is ac- 
complished by induction and flame 


hardening methods. 


3. The heat treatment in conventional 
heat treating furnaces of shallow hard- 
ening carbon, and/or carbon-lean alloy 


| steels-producing a hard case and tough 


core. This is highly desirable for cer- 


tain industrial tool requirements. 


Various methods of surface harden- 
ing may over lap. Thus, many types of 


parts can be satisfactorily surface hard- 
ened economically utilizing the three 


methods mentioned. 
In making a selection of a surface 


hardening method it is necessary to 
. take into consideration the following 


factors: 
‘x. Design, size and weight of the parts. 


2. Type, or analysis of the steels being 
used. 
(Continued on page 76) 


NEW REVISED BOOKLET ON 
TOOLROOM PLANNING 


“How To Plan Your Toolroom Heat 
Treating Department,’ has been brought 
up-to-date and reprinted in form simi- 
lar to the original booklet. Additional 
information has been included on in- 
duction equipment for selective heat- 
ing, and also a section has been devoted 
to the famous Lindberg “L-type” fur- 
nace used for bright hardening of high 
speed tools. This new booklet is avail- 
able without cost to all interested 
parties. 





It is a practical discussion prepared 
to assist those planning new, enlarged 
or, changed toolroom heat treating 
departments. 

Material in this booklet is based on 
information gained from helping in the 
design of hundreds of toolrooms—plus 
additional information gathered from 
the experiences of our associate, Lind- 
berg Steel Treating Company, who 
operate one of the world’s largest tool- 
room heat treating departments. 

It tells how much a complete tool- 
room heat treating department will 
cost,—how to select furnaces of the 
proper size—shows recommended lay- 
outs—gives approximate floor space re- 
quirements—and shows prices of auxil- 
iary-equipment such as tongs, quench 
tanks, straightening presses, work 
benches, hardness testers, etc. 

Write for your copy. 
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Copyright 1952 Lindberg Engineering Co. 


Lindberg Engineering Company - Builders of Lindberg Furnaces 





CARBONITRIDING 


THERE has been a great deal of in- 
terest and discussion about the impor- 
tant subject of carbonitriding in the 
last several years. Knowledge of the 
history of the process and the equip- 
ment is a must for all persons involved 
in heat treating. The idea of using 
carbon and nitrogen for treating steel 
goes back at least fifty years. A. W. 
Machlet of the American Gas Furnace 
Company took out a patent on the 
subject in 1915. Holcroft in 1934 elim- 
inated cyanide by treating gears in 
carburizing gas and ammonia. In 1939 
Lindberg introduced CO and disso- 
ciated ammonia for prevention of de- 


‘carb on high carbon steel. But, it was | 


not until 1947 when J. A. Dow—then 
president of the Dow Furnace Com- 
pany—introduced his furnace for the 
process, that the present enthusiasm 
developed. {The Dow Furnace was a 
combination of an old design, aban- 
doned for years and the relatively new 
principle of high temperature convec- 
tion. The result was so successful that 
the same principles, and in many in- 
stances the same furnace, were used 
for other processes such as carburizing, 
mee ee bright a etc. 





bese Furnace Company's Carbonitriding Furnace 


Dow described his heating method 
“heat capacitor.’ Where for years 
‘aie on page 75) 
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QUESTIONS and ANSWERS 
| By Arne E. Uitti 


QUEsTION: (from a tool department) 
How would you suggest instructions be 
written for obtaining correct heat treat- 
ment. We might add that our expert- 
ence in heat treating ts limited, to 
avoid misinterpretation, and we would 
like to present our order as clearly as 
possible. R.W.F. 

Answer: We are pleased to have a tool 
department show an interest in the 
heat treating department. We would 
suggest that your orders show all the 
following information: (1) Identity of 
material by trade name or analysis. 
(2) Description of the part, such as 
punch, shedder, lamination die, etc. 
(3) The physical properties and hard- 
ness desired in a Rockwell, or Brinell 
range, etc. (4) Specification of where 
the part must be hard: this is impor- 
tant as selective hardening may be less 
hazardous and/or more economical. 
(5) The maximum dimensional toler- 
ances. 


QUESTION: Please advise if straightening 
of Molybdenum high speed steels is 
more difficult than the Tungsten types? 

M.J.W. 
Answer: Our experiences indicate that 
the same practices should be observed 
in both types of high speed steel and 
no serious difference has been noted. 
Note: the following procedures are 
commonly used: (1) Bulk of straight- 
ening should be accomplished in the 
as-quenched condition between the 
temperature ranges of 300F. to 500°F. 
The use of tempil sticks is recom- 
mended. (2) Some straightening can 
be performed after the first tempering 
operation but it is less effective than 
immediately after the quenching opera- 
tion. After the second tempering, 
straightening is extremely difficult and 
any correction must be done with ex- 
treme caution. 


QuEsTion: What can you suggest for the 
cleaning of intricate plastic and die 
casting mold dies after heat treating? 

. D. W. 


Answer: Two very successful cleaning 
methods used are: 1. Cleaning of the 
surface by a liquid blasting with a fine 
abrasive in suspension, the abrasives 
used are approximately 300 mesh or 
finer and will not damage feather edges 
if reasonable precautions are used. 

2. Electrolytic cleaning where the sur- 
face oxides are reduced and replaced 
with a plate and this is subsequently 
removed. 

(Continued on page 76) 
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HAS ANYBODY HERE SEEN KELLY? 


BACK IN THE Days when I sported my first pair of yellow shoes, Tim 
Casey's billiard parlor on Chicago’s great west side was a cherished 
hang-out for young gents in the neighborhood. A whimwham or fad 
called “Kelly Pool” was in full swing in pool rooms at the time. Like 
every cue rattling establishment, Tim Casey's place also had a “shark.” 
The title went to big, lanky Ed Miller who was droopy eyed, slow, easy 
going and often accused of drinking “can heat.” After he had hooked 
an umsuspecting chump into a friendly game of “Kelly,” and at a time 
when the stakes were just right, he’d swing into action with eyes flashing, 
a crooked little smile, and the game would be over before the “rube” 
would have a chance to swing a cue. 

You've probably been wondering what Kelly pool has to do with heat 
treating or the steel industry as far as that goes. Perhaps I’m reaching, 
but I think it will be better remembered because of my stumbling 
approach. Kelly, the inventor of a pool game, played with fifteen clay 
balls and one of ivory, is practically a member of “Who's Who” in early 
Americana, while still another Kelly, inventor of what we incorrectly 
named the “Bessemer Process,” goes completely unremembered. 

William Kelly, who was the first to succeed in converting pig iron 
directly into metal which was malleable, in one process, at a great 

saving in time and fuel, paved the way and made possible the fabulous 
steel industry as we know it today. Bessemer, an English Metallurgist, 
began independent experiments with a similar process in 1854—seven 
years after Kelly started his. Through one of those queer turns of 
fortune, Bessemer’s process became better known and is named after 
him to this day, although Kelly was the first inventor. Adding to the 
lop-sided justice of this story, Kelly received $450,000.00 from his inven- 
tion (which isn’t exactly peanuts) while Bessemer received over 
$10,000,000.00. 

I feel sure they don’t have pool tables behind the swinging gates of 
heaven. But, if they do, I can imagine seeing a distinguished looking “st 
old gent saying to another with a twinkle in his eye: “Mr. Kelly, how 
about a friendly game of Bessemer!” 











“Mac” 











DIMENSIONAL CHANGES 
IN TOOL STEEL 


. By E. J. Pavesic 

How MANY TIMES have you been asked, 

“how much will this die or punch 
shrink or grow?” “how much stock 
should I allow for grinding?” These 
questions have undoubtedly caused 

|. many headaches and not a few cases 
of ulcer in the process of being 
answered. 

In order to help promote greater 

understanding of the problems of di- 

mensional changes, Heat Treating 
>Hints will present in its columns from 
time to time articles dealing with this 
subject. 

The bar graph illustrated shows the 
effect of increasing diameter upon di- 
mensional change of a 1.20% carbon 
tool steel when brine quenched from 


hardness is 66 Rockwell “C” on the 

74", Ye" and 34” diameter bars and 
‘65-66 Rockwell “C” on the 1%@” diam- 
eter bar. 


THE EFFECT OF DIAMETER 
UPON DIMENSIONAL CHANGE 
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CHANGES INDICATED ARE RELATED 
TO THE “AS ANNEALED” DIMENSIONS 


» Results of this test show that as the 
diameter increases, the net dimensional 
change of the length changes from an 
expansion on the 14” and 14” diameter 
bars to a contraction on the 34” and 
1%,” diameter bars, while the net 
dimensional change of the diameter 

decreases constantly with increasing 
diameter. Thus, here on a relatively 

"simple shape, the dimensional changes 
vary considerably at least for the steel 
tested. 

Varying of the design, mass, type of 
steel and heat treating technique of 
a tool or die certainly would introduce 
other complications and make the 
accurate prediction of dimensional 
changes a task that is not easily accom- 
plished. 

More on this subject in another issue. 
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STRAINS AND STRESSES ------- Who is this Guy Art? 
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lined by tubes or elements alone. 
Once the charge reached temper- 
/ ature and heating requirements re- 


/> duced, the heat taken from the refrac- 


furnace engineers had worked to re/ tories was returned to be used by the 
duce heat content of furnace linings) next load. 


principally by the use of refractory 
insulation, Dow not only put back the 
heavy firebrick walls but added hea 
firebrick piers as baffles for directing 
the forced convected gases. The resul 
was that the cold work charged inta 
the chamber was hit by a tremendou 
volume of heat, not merely that sup 
plied by the radiant tubes or elemen 
but an even greater amount from tha 
stored up in the refractories. The fa 
distributed this heat throughout th 
furnace and charge resulting in a heat- 
ing rate beyond that which could be 
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Carbonitriding 


(Continued from page 73 





Lindberg Type RO-243615-AS Carbonitriding 
furnace at Fred Heinzelmon and Sons, New York 


The foreign engineers who visited 
the Detroit Metal Show this fall were 
amazed to find American production 
engineers so enthusiastic about batch 
type furnaces rather than continuous 
equipment for such a _ production 
process as carbonitriding. The high 
temperature fan and the “heat capaci- 
for” had: created the “exception that 
proves the rule’ 
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Lindberg Gas Radiant Tube Carbonitriding 
Furnace 





Surface Hardening 


(Continued from page 73) 


3. The specific properties for the serv- 
ice application. 


4. Depth of surface hardness required. 
5. Volume of work anticipated. 
6. Is selective hardening required. 


7. The fabrication factors after heat 
treatment. 


In future issues, brief mention of the 
mechanics of each process will be dis- 
cussed. Consideration will also be given 
to the: advantages, disadvantages, and 
relative economics of each. 

Thus, the metallurgist in his attempt 
to satisfy the engineering requirements 
must select the process and material 
that will produce a minimum of pro- 
duction headaches, economically. The 
constant demands to meet the ever in- 
creasing needs for stronger, faster, 
lighter and safer equipment, require 
skill and ingenuity in the evaluation 
of the above factors. 
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METAL BASKETS 


A NUMBER of readers have written to us 
asking for names of manufacturers who 
make metal baskets and fixtures for heat 
treating, quenching and general salt 
solution work. There are several such 
companies, that we know of, who spe- 
cialize in making up baskets and fix- 
tures of special heat and corrosion 
resistant metals. Equipment of this na- 
ture is generally “tailor” made to meet 
specifications of size and type of metal 
required for definite applications. 

The following photos illustrate some 
of the tyical baskets which are being 
used: 








Mild steel dripping baskets 


In case you have a problem getting 
baskets and trays drop us a card and 
we'll fix you up with the names and 
addresses of several basket manufac- 
turers. 

Another container not illustrated 
here, but used in the heat treatment of 
metal parts is the metal tray. Most 
manufacturers who are set-up to make 
custom baskets are also the best bet as 
a source of supplying these trays. 


AN INVITATION . . tovisit 
our booth #1333 at the Amer- 
ican Society of Tool Engineers 
zoth Annual Exposition... the 
days of March 17 thru 21, in the 
Chicago Amphitheatre. 

Lindberg will present an inter- 
esting exhibit of equipment as 
follows: 


(1) In operation the latest 
model Lindberg 5 KW High 
Frequency Induction Heating 
Unit, brazing tungsten carbide 
tool tips to shanks. 


(2) “Built to scale” modern 
industrial heat treating furnaces 
will be arranged in a model tool- 


room layout. A special 23 page 
booklet has been prepared for 
explanation of “How to plan 
your toolroom layout.” Ask for 


your copy. 


(3) Lindberg’s line of air and 
hydraulic cylinders will be on 
display. 


(4) A large variety of “custom- 
er” products will be on display. 
These include copper brazed as- 
semblies and sintered powder 
metal farts, processed in Lind- 
berg furnaces. A’so all kinds of 
tools and dies will be shown as 
examples of the know-how of 
modern heat treating techniques. 





(Continued from page 74) 


QUESTION: We have always been led to 
believe that the 18-8 family of steels 
are not hardenable. Is this true? RB. S. 


Answer: Hardening in the convention- 
al sense by quenching and tempering 
is not possible. However, there are 18-8 
precipitation hardening steels on the 
market which can be solution quenched 
and aged to develop hardness as high 
as 45 Rockwell-C. Also, with proper 


preparation, the 18-8 series can be > 


nitrided to case depths up to .o08” and 
these surface hardnesses are in excess 
of 65 Rockwell-C by conversion. 


EDITOR'S NOTE: Our Research Depart- 
ment is studying the causes and reme- 
dies for mold pitting and we invite an 
exchange of correspondence on this 
mutual problem so that we may cover 
its many ramifications. 


a 
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EXCERPTS FROM TRANSCRIPT OF PROCEEDINGS 


Washington, D.C. 
Oct. 15, 16, 25, 1956 


* * * * ; te * 


ALAN T. HOLMAN 


was called as a witness by and on behalf of the Plaintiff and having been 


previously duly sworn, was examined and testified as follows: 
DIRECT EXAMINATION 
BY MR. BALLUFF: 


Q. Mr. Holman, will you please give us your age, your residence, 


and your occupation, and your name? A. My name is Alan, A-l-a-n, 


T. Holman, H-o-l-m-a-n. My age is 33; I live at 22170 Condon Avenue, 


Oak Park, Michigan. 

* * ae * * 5 

Q. Would you give us briefly your academic and professional 
background? A. Iam a graduate of the University of Toronto, in 
Canada, in metallurgical engineering. I graduated in 1946 with a 
degree of Bachelor of Applied Science. : 

Q. Are you a member of any professional societies? A. Tama 
member of the American Society for Metals. , 

Q. Will you tell us briefly what this society is and how long you 
have been affiliated with it? A. The Society is devoted to the study of 
the use and processing of all sorts of metals in industry; and I have 
belonged to the Society since 1943. 

Q. What is your present occupation? A. I am a metallurgical 
engineer for the Dow Furnace Company. | 

* bs * * x oe 

Q. And they are located at Detroit, Michigan? A. That is 
correct. 

Q. When did you join the Dow Furnace Company? A. In 1948. 

Q. What was your experience in this field before that time? 

A. I was employed as a metallurgical engineer for the Canadian Acme 
Screw and Gear Company in Toronto. : 
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Q. And you have been with the Dow Furnace Company since 1948? 


A. Yes, sir. 

Q. Are you generally familiar with the heat treating furnaces and 
methods which are now in use in the industry? A. Yes, Iam. 

Q. And you are familiar with those which have been in use since 
1947? A. Yes. 

Q. And you are familiar with the kind of heat treating equipment 
that is generally sold for use in the industry today? A. Yes. 

Q. You are familiar with the Dow application involved in this 
case? A. Yes. 

Q. And also with the references cited? A. Yes. 

Q. When I speak of the references, I am talking about the Smith 
and Benner and the Kelleher and FitzGerald patents. A. (Witness nods 
assent. ) 

THE COURT: Did you participate in the preparation of the Dow 
application? 

THE WITNESS: Not in the preparation of the application, no. 

THE COURT: Did you in designating the various claims? 

THE WITNESS: No. 

THE COURT: Proceed. 

BY MR. BALLUFF: 


Q. Now, it is true, is it not, that the Dow Furnace Company was 


founded by John A. Dow, who is the applicant here? A. That is correct. 


Q. And Mr. Dow died in 1948; is that right? A. That is right. 

Q. The Dow Furnace Company is licensed to use the invention 
covered by the application here involved; is that right? A. Yes, that 
is right. 

Q. And they are using it; are they not? A. Yes. 

Q. Is it not a fact that in all controlled atmosphere heat treating 
furnaces which have been made and sold by the Dow Furnace Company 
since you have been connected with it, that such furnaces have embodied 


the invention which is involved in this case, as you understand it? 
A. Yes, they have, all of them. 
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THE COURT: Has its right to use this process, as indicated in 


your application, ever been questioned by any other company? 

THE WITNESS: Not to my knowledge. : 

MR. BALLUFF: Your Honor, this suit does not involve the right 
of the Furnace Company to use it. 

THE COURT: I understand that. 

MR. BALLUFF: That is only brought out by way of commercial 
utility of the claimed invention. Would you kindly mark this as Plaintiff's 
Exhibit 3. : 

THE CLERK: Plaintiff's Exhibit No. 3, for one 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 3, for identification. ) 


BY MR. BALLUFF: : 

Q. I hand you a piece of literature of the Dow Furnace Company, 
marked Plaintiff's Exhibit No. 3, and ask you to examine it and identify 
it if you can. A. Well, Iam familiar with it. : 

Q. Is that a piece of literature which is prepared by the Dow 
Furnace Company? A. Yes. : 

Q. And distributed to the trade? A. Yes. | 

Q. Does this piece of literature make any reference to the 
invention which is involved in the application here? A. Yes, it does. 

Q. Would you kindly point that out? A. On page 3 of the Exhibit, 
there is a brief paragraph describing the action of this invention. 

Q. How is it designated there? A. It is called a heat capacitor. 

THE COURT: Called what? : 

THE WITNESS: A heat capacitor. 

BY MR. BALLUFF: | 

Q. And it is your understanding that the heat capacitor referred 
to in that literature is the construction or the technique which is 
embodied in the application that is involved in this case? A. That is 
correct. i 
MR. BALLUFF: Mark this as 4, will you please? 
THE CLERK: Plaintiff's Exhibit No. 4, for identification. 
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(Whereupon the said document was marked 
Plaintiff's Exhibit No. 4, for identification.) 


BY MR. BALLUFF: 

Q. I hand you a piece of literature marked for identification as 
Plaintiff's Exhibit No. 4, and ask you to examine it and state what it is, 
if you can. A. It is a description of one particular model of furnace 
built by the Dow Furnace Company. 

Q. And the piece of literature is prepared and distributed by whom? 


A. By the Dow Furnace Company. 


Q. Does this piece of literature make any reference to the so- 
called heat capacitor, which we will use for convenience in designating 


the subject matter involved in this case? A. It does refer to it, yes. 


MR. BALLUFF: Would you kindly mark these as 5-A and 5-B? 
THE CLERK: Plaintiff's Exhibits Nos. 5-A and 5-B. 


(Whereupon the said documents were 
marked Plaintiff;s Exhibits Nos. 5-A and 
5-B, for identification. ) 

BY MR. BALLUFF: 


Q. QQ. Ihand you two sheets designated Exhibits Nos. 5-A and 5-B, 
and ask you to examine them and state what they are, if you can. 


A. Well, 5-A is a reprint of a magazine advertisement that does mention 


the use of the heat capacitor. 

Q. And that was an advertisement of the Dow Furnace Company? 
A. That is correct. 

Q. Is there anything else in-particular that Exhibit-5-A shows? 
A. Yes. It presents a list of manufacturing companies that make use 
of furnaces manufactured by the Dow Furnace Company. 

Q. What about Exhibit 5-B? A. That is 2 continuation of that 

list of users. 

Q. Of Dow furnaces? A. That is correct. 

Q@. These furnaces referred to in the customer lists on Exhibits 
5-A and 5-B embody this heat capacitor that is involved here? A. That 
is correct; they do. 

MR. BALLUFF: I would like to offer in evidence as Plaintiff's 
Exhibits 3, 4, 5-A and 5-B, the three pieces of literature which have 
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been identified by the witness. 
MR. COCHRAN: No objection. 
THE COURT: They will be admitted. 


(whereupon Plaintiff's Exhibits Nos. 3, 4, 
5-A and 5-B were received in evidence.) 


BY MR. BALLUFF: 

Q. I hand you a copy of the December 1947 issue of Metal Progress, 
and direct your attention particularly to an article appearing on Pages 
984, 985, 986 and 987 of that magazine, and ask you whether you are 
familiar with that article? A. Iam familiar with it. 

Q. Now, can you tell us anything about the nature of this publication, 
Metal Progress? What is it and to whom is it distributed, if you know? 

A. Metal Progress is an official publication of the American 
Society for Metals. It is a monthly publication which is sent to all 
members of the Society. 

Q. If I understand you correctly, this December 1947 issue would 
be an issue published at that time by the American Society for Metals? 

A. Yes. 

Q. Now, you stated, I believe, you were familiar with the 
article appearing on Pages 984, 985, 986 and 987? A. Yes. 

Q. For convenience, I would like to refer to a copy of the 
article, rather than the entire magazine. Will you tell us, briefly, what 
this article is about? What it is? A. This article describes the develop- 
ment of a heat treating furnace which incorporates the invention here 
involved, and discusses the beneficial results to be obtained from the 
invention. 

Q. This article appears to have been written by J. A. Dow. Is 
that the applicant here involved? A. Yes, it is. 

Q. And the type of furnace construction, if I understand you 
correctly, referred to in the article, is the type of structure that is 
involved in this application here? A. Yes. 

Q. The article makes reference to the so-called heat capacitor; 
does it not? A. Yes, it does. 
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Q. Now, I direct your attention particularly to the paragraph that 
is the last paragraph on Page 984, entitled, "Higher Speed Heating, "’ 
and I would like you to refresh your recollection with respect to that 
paragraph before I ask you any further questions about it. Now, that 
paragraph refers to certain alleged drawbacks in connection with radiant 
heating. First, the question of continuous attention by the operator; and 
second, the requirement that a very large furnace for case depths of more 
than one or two thousandths of an inch to be required. I would like first 
to ask you what your experience is with reference to those statements, 
and also if you would explain the significance of those two alleged draw- 
backs? A. Well, the two alleged drawbacks are connected. 

Q. In what way? A. Well, because radiant heating is restricted 
to heating only a single layer of parts. It means that when there are a 
great many parts to be treated, they have to be spread out over a great 
area. In other words, they cannot be piled up inside a box. They have 


_to be spread out over a large area. 


Q. And not stacked? A. And not stacked. 
Q. Now, what is another requirement in connection with radiant 
heating of the kind about which you are talking? A. Well, radiant 


heating, while it is very efficient in one respect, is very easily in- 


' terrupted or interfered with. 


Q. How is that? A. Well, the heat is only radiated to that 
portion of the part that is exposed directly to the source of radiation. 
So consequently, if there is anything in between the part that is to be 
heated and the source of heat, then the part that is to be heated will not 
be very effectively heated; whereas the part that is exposed directly 
will be very effectively and very quickly heated. 

Q. Now, what about the parts of the kind about which you are 
talking? What about the heating of what I would call the under-surface 
of such parts? That is, the parts which are not exposed directly to 
the radiant heat? A. Well, the surface of a part that is exposed to the 
radiation will heat very quickly; and because it is a single piece that we 
are discussing, the heat will be conducted through that piece to the 
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opposite side reasonably quickly. So that the one piece will heat up 


substantially at the same time throughout its thickness. 

Q. Well now, this article says that a very large furnace for case 
depths of more than one thousandths of an inch would be required. What 
have you to say with reference to that statement? A. Whena case depth 
of more than one or two thousandths is to be produced in the surfaces of 
the parts, a considerable length of time is required at the controlled 
temperature; and if these parts are all spread out and in a single layer, 
avery large furnace is required in order that there be any real 
production produced in the furnace. 

Q. In other words, if I understand you correctly, the mere 
distribution of these parts in a single layer would take so much space 
that your productivity rate would be very low considering the size of the 
furnace? A. That is correct. 

Q. What about this matter of continuous attention on the part of 
the operator in connection with this so-called single layer heating? 

A. Well, that refers to the fact that the operator may place these parts 
usually in a certain pattern over a large area, and that takes, as you 
can imagine, a lot of hand operation, so that he is doing it essentially 
all of the time that he is working at the furnace. 

Q. Now, in discussing convection heating, this paragraph -- and 
this was written back in '47 -- says: "Convection heating, as con- 
ventionally done with atmospheres circulating from external heater to 
furnace chamber, was far from satisfactory." What is your experience 
and comment with respect to that statement? A. In the case of a furnace 
with an external heater, there must be some form of duct work between 
the heater and the furnace chamber, and the duct work reduces the 
efficiency of the furnace in that the gas coming from the heater is cooled 
down somewhat in the duct work before it ever gets to the furnace chamber 
where it is supposed to do the work. 

Q. Do you think possibly that part of the paragraph to which I 
just directed your attention might have reference to a furnace structure 
of the type which is shown in the Smith patent here involved? A. It 
would, yes. 
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Q. Is that structure shown in the Smith patent more or less 
typical of the controlled atmosphere convection heating furnaces which 
were in use prior to the Dow furnace embodying the heat capacitor 
with which we are here concerned? A. Yes. 

Q. That paragraph further goes on to say, in speaking about 
such furnaces being far from satisfactory: 

"This is due to the wide variation in temperature normally 
existing in different parts of the load when approaching control tempera- 
ture, and to the long time interval between the first and last pieces of 
the load reaching control temperature." 

Now, I would like you to explain the significance of that statement 


with reference to controlled atmosphere heat treating furnaces using 


convection heating and which are furnaces of the kind to which the Dow 
application relates. A. Well, since a convection furnace depends upon the 
circulation of a gas to heat the work, the gas leaving the heater and 
entering the work basket is cooled very quickly by the first pieces 

of work that it contacts, and heats those parts up quite quickly; 

whereas those parts at the opposite end of the basket take a much 

longer time to reach the control temperature. In some cases, that 

might be a matter of one or two hours later. 

Q. And the difference in temperature between the part of the 
load which is first contacted by the gas, or where the gas enters, and 
the part of the load from which the gas leaves the load, the difference 
in temperature between those parts is referred to as the temperature 
gradient or temperature difference in the load; is that right? A. That 
is right. 

Q. Now, what is the significance of this temperature difference 
or temperature gradient in connection with producing a metallurgical 
reaction on metal pieces in a furnace of the kind with which we are 
here involved? A. Well, when the load is first inserted into the 
furnace chamber, a large temperature gradient throughout the load 
is not important. 
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Q. Well, let's start with the proposition -- A. But when the 
load is brought to the control temperature, then it becomes extremely 
important, in that the parts that reach control temperature first will 
start to become processed first, and the longer the time lag between 
when the first pieces reach control temperature and when the last 
pieces reach control temperature, has a great effect on the uniformity 
of the treatment being carried out in the furnace. 

2. Well, what is the consequence of lack of uniformity in rela- 
tively thin pieces of work being treated of the kind that I hand you now? 
A. Well, these pieces are used in business machines, adding machines 
and typewriters, and the like, and they must be hard on the surface 
to resist wear, Since these parts rub against other parts. However, 
because they are so thin, if they were hard all the way through, they 

would tend to be brittle and might break in service, which would 
render the machine non-operatable. So consequently, if parts like 
these are being treated in the furnace, if the parts which reach control 
temperature first are too much over-processed, then they might become 
hard all the way through, or substantially all the way through the 
section; where the parts that reach control temperature last, they 
would get only a superficial hardening at the very surface. 

Now, neither of those extremes might be acceptable. In the 
first case, the parts that were over-processed would be so hard that 
they would be brittle and could break in service; and the parts that 
were under-processed, the parts that reach control temperature last, 
they might not be fully hard on the surface, and might tend to wear out 
in service by virtue of being too soft. So that only a portion of the load, 
that is, the portion in the center of the load, might get the correct pro- 
cessing. 

Q. Now, is this -- 

THE COURT: Can you define this heat capacitor? Not in con- 
nection with something; but what is this specific thing, the heat capacitor? 

BY MR. BALLUFF: 
Q. Tell the Court what you understand to be the heat capacitor 
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with which we are here involved. A. Well, the heat capacitor is 
a means of improving the uniformity of processing of these parts. 

THE COURT: Is it a means or a piece of machinery? 

THE WITNESS: Well, it consists of a refractory material of such 
conductivity and heat acapacity that it aids the furnace in producing uni- 
form temperatures, more uniform temperatures throughout the load, 
as the load reaches the control temperature. 

THE COURT: Well, would you Say that the heat capacitor, then, 
is a mechanical element that is used in the furnace ? 

THE WITNESS: No, it is not a mechanical element. It consists 
of pieces of firebrick, lining the inside of the furnace chamber. They 
don't move, but because of the nature of the material, they allow the 
furnace to be heated very quickly at the first part of the heating cycle, 
and then when a substantial amount of their contained heat is removed, 
they slow down the rate of heating of the furnace, so that this tempera- 
ture gradient throughout the furnace load, throughout the pieces of work, 
this gradient is reduced, thereby promoting greater uniformity within 
those pieces. 

THE COURT: Would that be true of any other lining? 

THE WITNESS: Of any other material? 

THE COURT: Well, any other material that is used for lining in 

the furnace. 

THE WITNESS: Well, there are several materials that could be 


used. We are not specifying the material specifically. 


BY MR. BALLUFF: 

Q. When you say there are several materials that could be used, 
you mean as a heat capacitor? A. That is correct. 

Q. That is a high capacity material? A. The ordinary furnace 
lining would not act in this way, because it doesn't have sufficient heat 
capacity or heat conductivity to operate in this manner. 

Q. I think it might be helpful if you would define what you mean 
by high heat capacity material and low heat capacity material. A. Well, 


_ahigh heat capacity material is one that requires a great many units of 
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heat to raise its temperature a certain number of degrees; where low 


heat capacity material is one that takes relatively few heat units to 
raise its temperature. 

For example, it takes very few heat units to raise the temperature 
of a piece of copper any given number of degrees; where it takes a 
great many heat units to raise the temperature of a piece of wood. In 
other words, the heat capacity of wood, and materials of that nature, is 

much higher than of a metal. 

Q. That is, you can store a much greater amount of heat in a piece 
of wood of a given size than you can in a piece of material such as copper 
of a given size? A. That is correct. 

Q. So in the furnace art, was it not the practice before the inven- 
tion involved here, to use what was called low capacity heat storage 
material as the lining or the insulation for the furnace chamber? A. That 
is correct. 

Q. And that material was a refractory material? A. Yes. 

Q. The concept of Dow here involved was that of using a high 
heat capacity material within the furnace chamber; is that right? A. Yes. 

Q. Now, in order not to mislead the Court with reference to this 
question of heat capacitor, is it not a requirement of the concept of a heat 
capacitor that it be used in conjunction with convection heating rather 
than radiant heating? A. Yes, it is. 

Q. Well now, would you explain that, and your reasons for it? 

A. I wonder if you would ask the question, phrase the question a little 
differently ? 

THE COURT: The question that the Court had in mind is this: 

You are seeking an invention here. Is it the kind of material that is 
used for lining that you seek to claim as the basis for your invention ? 

THE WITNESS: Yes, that is true. 

BY MR. BALLUFF: 

Q. Is there anything else involved in that, in connection with the 

use of that material? A. Well, it has to be located in the proper 


position. 
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THE COURT: You just stated a moment ago that there were 
various materials that could be used as the lining of a furnace that 
would perform the function that you are talking about. 

THE WITNESS: That is correct. 

BY MR. BALLUFF: 

Q. And those you refer to as high heat capacity materials; is 
that right? A. High heat capacity refractory materials. 

Q. Yes. Now, there are also so-called low heat capacity refractory 
materials; is that right? A. That is correct. 

Q. And they have been used heretofore and generally in the art? 
A. That is correct. 

Q. These low heat capacity refractory materials; that is, it is old 
in the art to use those? A. Yes. They are called insulating refractories. 
Q. Now, the question that I was directing your attention to with 

reference to the use of the term, "capacitor," "heat capacitor, '' was 
whether there was anything else involved in connection with the concept 
of the heat capacitor as we are dealing with it in this case, in addition 
to the use of high heat capacity materials? A. Well, it must be located 
' in the furnace in such a position that it will receive heat by radiation 


- directly from the heating tubes. 


Q. Yes. And what about the significance of this high heat capacity 
material in conjunction with convection heating of the load as distinguished 
from radiant heating of the load? A. Well, in this type of furnace, a 
convection heating furnace, the heat capacitor is used to augment the 
heat given off by the heating tubes, themselves. That is, the heat 
capacitor will augment the heat given off by the heating tubes during 
the first part of the heating cycle. 

Q. Yes, we understand that. But the point that I was trying to 
make clear was whether this high heat capacity material will work 
the same way in conjunction with radiant heating of the load as it will 
in conjunction with convection heating of the load? A. Yes, I would 
Say it would in a similar way. 

Q. Well, will you kindly explain that? A. Well, because the 
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material will store a great quantity of heat, and because it has a high 
conductivity for heat, it could be used in a radiant heated furnace to 
augment the heat given off by the heating elements or heating tubes. 

Q. And the patent to Benner is illustrative of that mode of 
operation you have just described? A. That is correct. 

THE COURT: Justa moment. You still have me confused a little 
on one point. This lining that you are talking about, is that what you 
are seeking to have patented, the type of that lining? 

THE WITNESS: Yes. : 

MR. BALLUFF: Well, I would like to comment on that, if I may. 
Mr. Holman is not a patent attorney. He is not offered as such. 

THE COURT: He is a witness, though. Sometimes a witness is a 
better judge of the fact than the attorney is. 

MR. BALLUFF: Well, we will leave that up to the Court. The 
claims in issue here define the heat capacitor in reference to the fact 
that you employ convection heating for transferring heat from the heating 
tubes and this lining to the work rather than radiant heating. The use 
of radiant heating in conjunction with this high heat capacity material 
is old. That is old. ! 

THE COURT: Old. What is the difference between radiant and 
the other type of heating that you mention? 

BY MR. BALLUFF: 

Q. Would you explain the difference ———— the two types of 
heating for the benefit of the Court and the record? | A. Well, radiant 
heating is the type of heating that we get from the sun. 

THE COURT: Yes. 

THE WITNESS: There is no material between the earth and the 
sun. It is a vacuum of space. But the radiant energy comes directly 
from the sun to the earth. 

BY MR. BALLUFF: 

Q. And that doesn't depend upon the flow or any circulation of 
atmosphere? A. No. 

THE COURT: It would be affected by a cloud; wouldn't it? 
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THE WITNESS: Oh, yes. It can be interrupted or interfered with. 
Now, convection heating depends upon the movement of a gas or a liquid, 
and that is demonstrated in a heating system for a house, where air is 
heated in a furnace and is distributed through a duct work to the various 
rooms of the house. In older houses, that is done by natural convection. 
There is no fan involved. Just the air that is heated in the furnace rises 
of itself, because it is heated, and travels up the duct work to the other 
rooms in the house. 

THE COURT: The old fashioned steam heating you have in the 
house ? 

THE WITNESS: Yes. 

BY MR. BALLUFF: 

Q. I would further like to make this point, that convection heating 
depends upon a flow of a fluid. A. That is correct. 

Q. And you take this fluid and heat it at one place and the fluid is 
caused to flow to another place where it gives up its heat? A. That is 
correct. 

THE COURT: A hot water heating system, then, would be the 
same thing that you are talking about? 

THE WITNESS: Well, the movement of the water through the 
radiators is by convection, but the heat that you feel in the room your- 

self, you receive by radiation from the radiator. 

THE COURT: Well, that would be true of the old fashioned wood 
stove; wouldn't it? 

THE WITNESS: That is right. The wood stove will radiate heat 
to you, so that sometimes the front of you would be too warm and the back 
would be too cold. 

MR. BALLUFF: Wasn't it Franklin that said you would be burned 
on one side and frozen on the other. 

BY MR. BALLUFF: 

Q. Well now, as between convection heating and radiant heating, 
is there any difference in the efficiency of heat transfer by these two 
methods of heating? A. A very great difference. 
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Q. Will you tell us what they are and give us some examples, if 
you can? A. Well, in convection heating, since you must first of all 
heat this fluid, this air, or gas or liquid, then you have to move the 
fluid to some other place, it is inefficient because most of the fluids 
used have a very low capacity for heat, and that means that you have 
to move an awful lot of air or gas from the source of heat to where the 
heat is being used in order to do any significant amount of heating. In 
other words, to heat your house, you have to circulate millions of cubic 

63 feet of air per hour in order to do an effective job; and that 
involves a lot of work, moving all that air. Whereas if you can heat by 
radiation, if the nature of the problem is such that radiation will work, 
if the thing to be heated is suitably exposed to the source of radiation, 
the radiation is transmitted instantaneously. : 

THE COURT: Well, say here is a house, a three- or four-story 
house, and it has in it a hot water heating system. Now, of course, 
you heat the water only at one place; don't you? : 

THE WITNESS: Yes. : 

THE COURT: And that hot water has to climb up, circulate, so 
to speak, until the entire system is heated before it throws off any heat 
in the upper rooms. : 

THE WITNESS: That is right. : 

THE COURT: Now, how would you eliminate that under your 
theory? How is it possible to heat those rooms that are some distance 
from the place where the heat is actually applied? : 

THE WITNESS: Well, there might be two answers to that problem. 
One would be to improve the method of circulating the water from the 
furnace to the,other rooms; or another way in which it could be improved 
would be to have a separate source of heat in each room. 

64 BY MR. BALLUFF: | 

Q. Isn't one of these electric resistance heaters that are 
frequently used in the bathroom an example of a radiant heater in which 
the heat is generated by the electric current flowing through these 
resistances right at the spot where it is used? A. That is correct; but 
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the radiant heater in the bathroom won't do any good in the bedroom. 
Q. Well now, since we have gotten into a discussion of this 
question of heating by radiation, I think that it might be desirable to 
take up the disclosure of the Benner patent, which Your Honor will find 
on Page 10a. I should like to have you explain the construction and the 
disclosure of Benner with reference to what he is trying to accomplish. 
A. Well, Benner is trying to heat up a single piece of material, 
apparently, a fairly large piece. An ingot of steel, for example, he 
mentions; and that is the type of heating problem that he was concerned 
with. It is not the problem that we are concerned with in our application. 
Q. Let's just stick to Benner for the moment, if you will, please. 
A. What Benner has done here by lining this furnace with this high heat 
65 capacity material -- 
Q. That is indicated by the reference character 6; is that right? 
A. That is right. He hopes to achieve a faster heating of this ingot of 
steel, because of the fact that this lining material has a better conductivity 
for heat than the ordinarily used insulating refractories. Now, there 
: are two aspects to the Benner patent, and that is one of them. The 
other one is his method of operating the furnace. He states that he 
wants to heat this ingot to a temperature of 1,000 degrees Centigrade, 
which is approximately 1800 degrees Fahrenheit. Now, in order to do 
this quickly, he overheats the furnace to a temperature of 1350 degrees 
Centigrade, and that is equivalent to a Fahrenheit temperature of 2600 
degrees, approximately. 
Q. Where does Benner generate his heat in his furnace? A. That 
is generated by the electrical resistance elements indicated by Figure 1. 
Q. And they are exposed inside the furnace chamber; right? 
A. That is correct. 
Q. And the ingot to be heated is shown in Figure 3 by the 
reference character 11; is that right? A. That is right. 
66 Q. Now, will you tell us how Benner says that his furnace 
operates? A. Well, by pre-heating the furnace to this exceptionally 
high temperature of 2600 degrees, he found that when the ingot was 
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finally placed in the furnace, it would heat up to the des ired temperature 
very quickly, a matter of some ten minutes. However, what he doesn't 
say is that the outside surfaces of that ingot are exposed to a very high 
temperature and must necessarily be heated to some extent above the 
desired temperature of 1800 degrees; and also, in the ten minutes allowed 
for heating this ingot of steel, he couldn't possibly hope to achieve any 
degree of temperature uniformity throughout the ingot. 

THE COURT: Do you think that is possible in any case? 

THE WITNESS: Well, certainly not in sucha short time as ten 
minutes. He talks about an ingot roughly six inches in ‘deine which 
is (indicating) a pretty big piece of steel. 

THE COURT: You can bake a potato and the outside of it will be 
done all right but the inside will not be. 

THE WITNESS: Well, the same thing holds here. He is going to 
overheat the outside surfaces; they are going to approach the temperature 

67 to which he has pre-heated the furnace of 2600 degrees very quickly 
after the load is inserted into the furnace, but at the end of ten minutes, 
it isn't conceivable that the center of this ingot will have heated to any 
appreciable extent, maybe on the order of three or four hundred degrees, 
where the outside is heated considerably beyond his desired temperature 
of 1800, or, as he referred to it, as 1,300 degrees Centigrade. 

* cs ak ca * * 

BY MR. BALLUFF: : 

Q. Mr. Holman, will you refer now to the Benner patent that we 
were discussing yesterday, and which you will find at Page 10a of your 
trial brief. This patent discloses the operation of a furnace with in- 
sulating lining and with the so-called high heat capacity lining. 

70 Now, first would you explain the mode of operation of Benner's 
furnace, as he discloses it, using the insulating lining? A. Inthe 
furnace with the insulating lining, and also in the oneraith the high heat 
capacity lining, he operates the furnace in this way: The desired 
temperature that he wishes to heat the load to, he states, is 1,000 
degrees Centigrade. Well, before the load is introduced into the 
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furnace, he brings the furnace temperature to a much higher temperature, 
1350 degrees Centigrade, and that is done before the load is introduced. 
You could call it pre-heating the furnace. The purpose in that pre- 
heating is to speed up the heating of the load when it is introduced. And 
by doing this, he states that using the insulation lining in the furnace, it 
takes ninety minutes to heat this load of steel, or whatever it is, to the 
desired temperature of 1,000 degrees. 

Q. Now, this ninety minutes is after the load has been placed in 
the furnace? A. That is correct. 

Q. Now, what results does Benner say that he gets when he uses 
this high heat capacity material instead of insulating lining material? 

71 A. Benner claims that by using the high heat capacity material, 
that he can reduce the time of heating the load itself from ninety minutes 
to ten minutes. 

Q. Now, when Benner uses the high heat capacity material, does 
he say that he finds it necessary to pre-heat the furnace chamber the 
same as he did when he used the insulating lining? A. Yes, Benner 
states that quite clearly, that the furnace is pre-heated to 1350 degrees 
Centigrade in both cases. 

MR. COCHRAN: If Your Honor please, when references are made 
to where Benner states a certain thing, perhaps it would be better to 

' make reference to the particular part of the Benner disclosure that is 
involved. 

MR. BALLUFF: Fine. We will be glad to do that. 

BY MR. BALLUFF: 

Q. Now, would you point out where in the specification of Benner 
he discusses this matter of pre-heating, and, as a suggestion, I direct 
your attention to Page 3, Column 2, Line 25. It is Page 3 of the Benner 
patent. A. Would you like me to read that? 

Q. Yes. A. On Page 3, Column2, Line 25 of the Benner patent, 


he states: "In each case the furnace was allowed to run empty until 


72 a temperature of 1350 degrees Centigrade was attained in the 
heating chamber, whereupon a cold charge of alloy steel sufficient to 
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about half fill the chamber was inserted and the door again closed while 


the charge was heated to 1,000 degrees Centigrade." 

Q. Now, will you continue reading the next paragraph? A. "The 
time required for the temperature to reach this value was found to be 
approximately ten minutes with the silicon carbide lining, compared 
with forty minutes for the fused alumina, and one hour for the fire-clay 
lined furnace. In the case of the lining of insulating material, through 
which the heat loss was undoubtedly considerably — the heating 
time was, nevertheless, ninety minutes." 

Q. Now, I would take it from that that Benner. thus says that when 
he uses this high heat capacity material, he can cut his time, after pre- 
heating of the furnace, from ninety minutes to ten minutes; is that right? 
A. That is right. : 

Q. Now, does Benner, anywhere in his specification, state the 
length of the pre-heating time required in each of these cases? A. No, 
he does not. ! 

Q. From the technical data given in the Benner patent, would it 

73 be possible to calculate the pre-heating time required in the Benner 
furnace, in each of these cases? A. Yes, it would. 

Q. Have you made any such calculations? A. Yes, I have. 

MR. BALLUFF: Will you kindly mark this as Plaintiff's Exhibit 7. 
Before we proceed, I would like to offer as Plaintiff's Exhibit 6, a copy 
of the Metal Progress article entitled, "A New Batch-Type Gas Cyaniding 
Furnace," by J. A. Dow, the applicant here, which has been identified 
by the witness. ! 

MR. COCHRAN: [If Your Honor please, this is an article by the 
applicant in the case. He has disclosed the invention, supposedly, if 
there is an invention, in the application which has been offered in evidence. 
The witness has testified as to his views as to certain statements made 
in this article. It would seem that anything that the article could contribute 
over and above what has already been offered in evidence would be 
hearsay. So I think I must object to itas being hearsay. 

THE COURT: Well, it merely constitutes an argument in behalf 
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of his contentions in his application. 
MR. COCHRAN: Well, on that basis, there would be no objection. 
THE COURT: It will be admitted. 
MR. BALLUFF: Thank you, Your Honor. 
THE CLERK: Plaintiff's Exhibit No. 6 in evidence. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 6 and received in 
evidence. ) 


THE CLERK: Plaintiff's Exhibit No. 7, for identification. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 7, for identification. ) 


BY MR. BALLUFF: 

Q. Now, I hand you a three-page statement of calculations which 
have been identified as Plaintiff's Exhibit No. 7, and ask you whether or 
not that exhibit contains the calculations that you have made in connection 


with the pre-heating time required by Benner's furnace in the two cases 


we have been discussing? A. Yes, they are. 


Q. Now, would you kindly explain these calculations and the 
basis for them with reference to the disclosure of the Benner patent? 
A. Well, Benner makes it a little bit difficult to do this calculation, 
because he doesn't state what the weight of his load is. So the first 
thing we had to do was determine what the weight is. 

Q. Now, what figures from the Benner patent did you use in 

calculating the weight of the load that he is treating there? 

A. Well, on Page 3 of the patent, he gives some data in the form of a 
table in Colum 2; and he shows the average calories per minute that can 
be transmitted through these different lining materials that he has used; 
and I used those figures. 

Q. Well, specifically now, which ones did you use? A. I used 
the figure given for silicon carbide. 

Q. And that figure is what? A. 645,000 calories per minute is 
the speed of heat transfer through the silicon carbine. And I also used 
the figure shown of 8,000 calories per minute, as the speed of heat 
transfer through the insulation lining. 
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Q. Now, this first equation that you have on Page 1 of Exhibit 7, 
would you tell us what that equation is and why you set it up that way? 

A. Well, that first equation is a general expression showing how to 
calculate the amount of heat contained in an object at a given temperature. 
Now, the letter "Q" refers to the quantity of heat in calories that is 
desired. : 

Q. Desired to raise the temperature to a given amount? A. Yes. 
The expression, na is the specific heat of the material, and specific 

heat is simply the amount of heat required to raise the temperature 
of a piece of material one degree Centigrade. More specifically, it is 
the amount of heat required to raise the temperature of one gram of the 
material one degree Centigrade. | 

Q. Now, where did you get this figure of 0.143 calories per gram 
per degree Centigrade which you have given in that explanation of the 
first equation? A. Well, that is an accepted scanidl for steel that can be 
obtained from any handbook. : 

THE COURT: Let me ask you. Is it your = that Benner was 
seeking to accomplish the Same purpose you are seeking? 

THE WITNESS: No, sir, it is not. : 

THE COURT: What is the difference? 

THE WITNESS: Well, Benner appears to be only interested in 
extremely fast heating, whereas in this application we are concerned 
with rapid heating, but more importantly, with uniformity of heating. 

BY MR. BALLUFF: , 

Q. Now, this next element referred to in the equation, "Delta T," 
that is the temperature difference between the article when it is initially 
put in the furnace and the temperature to which you desire to heat it; 
right? A. That is correct. : 

Q. And in that equation, "W" is the weight in grams of the load? 
A. Since we don't know the weight of the load, we have to use this letter 
"W"' to signify the weight of the load; and all we have done here is to 
show the amount of heat required to raise the temperature of this load 


of W grams of steel from 25 degrees Centigrade, which is room 
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temperature, to 1,000 degrees Centigrade, is 139.4 times W, the weight 
of the load, which we don't know yet. 

Q. Now, this figure of 1,000 degrees is the figure given by Benner 
to which he wants to heat his load? A. Yes, that is the temperature he 
wants to find. 

Q. Now, will you continue with your explanation? A. Well, Benner 
gives these figures for the rate of heat transmission with these different 
lining materials,and he also tells us how long it takes to heat this load 
when the load is in the furnace with these different lining materials. He 
states that the silicon carbide lining supplies heat at the rate of 645,000 - 
calories per minute for the ten minutes the load is in the furnace. If 
you multiply 645,000 by ten minutes, the total number of calories supplied 
by the silicon carbide lining becomes 6, 450,000 calories. Now, the 
insulation lining will supply heat at a rate of 8,000 calories per minute, 

78 and since he says that the load requires ninety minutes for heating 
with the insulation lining, you multiply 8,000 calories per minute by 
ninety minutes, and find that the insulation lining supplies a total of 
720,000 calories to the load. 

Q. That is during the ninety minutes? A. That is right. 

Q. Yes. A. Now, the source of heat in this furnace is a number 
of electrical resistance elements, and they are supplied with electric 
current at a constant rate. Now, Benner doesn't say what that is; so we 
have to calculate it. We know that when the load is placed in the furnace, 
‘some of the heat required to raise that load to 1,000 degrees Centigrade 
comes from the lining and some of it comes from the element. Now, we 
have already found out how much came from the lining in each case, and 
-we know how much heat is required for the load itself, so the difference 
between the heat required by the load and the heat supplied by the lining 
is the amount that has to be supplied by the element. If we divide that 
difference by the heating time, we get an expression for the rate of heat 
supplied by the element. Now, since the rate of heat supplied by the 
element is a constant, is equal under all conditions, we can take these 

79 two expression for the heat supplied by the element -- we don't 


97 


know the actual answer. We just have an expression, one for the silicon 
carbide lining, and one for the insulation lining; and since things which 
are equal to the same thing are equal to each other, we merely equate 
those two expressions. The two expressions for "Op" the rate of heat 
supplied by the element, that are shown there on Page 1 -- would there 
be any advantage in me reading these expressions ? i 
Q. Yes, I think there would. A. Well, in the case of silicon 

carbide lining, the load heating time is ten minuteg, according to Benner, 
and, therefore, "Qr", the rate of heat supplied by the elements, is 139.4 
times W; and that, we found out in the beginning, was the amount of heat 
required by the load. From that, we subtract the amount of heat supplied 
by the lining, in this case, 6,450,000, and divide that difference by ten, 
which is the heating time in minutes. In the case of the insulation 
lining, where the load heating time is ninety minutes, "Qk," this rate 
of heat supplied by the elements then becomes the same 139.4W, the 
heat required by the load, from which we subtract the amount of heat 
supplied by the lining. In this case, with the insulation, that is 
720,000 calories. Then we divide that difference by the heating time 

80 of ninety minutes. Now we have two different expressions for 
"Qr, '' and on Page 2, we equate those two expressions, which allows us 
to solve for "W," the weight of the load. After doing some arithmetic, 
you find that 'W" becomes 51, 400 grams, and that is approximately 
115 pounds. By putting that figure for "W" back in the equation, the 
first equation we found for "Q, ,"' the heat required to heat this load, 
we find that "Qj," is 139.4W -- we put the 'W"' in -- you get an answer 
of 7,165,160 calories. That is the amount of heat required to raise the 
temperature of 115 pounds of steel from 25 degrees Centigrade to 1,000 
degrees Centigrade. Now, we take this amount of heat to raise the 
temperature of the load, and we put it in the equation for "Qp," and we 
find that the rate of heat supplied by the element "ee" becomes 71, 516 
calories per minute. 

Q. Now, would that figure of the amount of heat supplied by the 

heating element be the same in both cases, that is, the rate at which it 
is supplied? A. Yes, it would. 7 
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Q. Now, from those calculations, will you explain how you 
arrived at the pre-heating time required when the insulation lining is 
used and the pre-heating time required when the high heat capacity 
material was used? A. Well, before the load is inserted into the = 

81 furnace, Benner pre-heats the furnace to this higher temperature 
of 1350 degrees Centigrade. Now, the only way he can heat the furnace 
to this temperature is with the heat given off by the electric elements; 
and we have found that those elements give off heat at the rate of 71, 516 
calories per minute. So we have already found how much heat has to be 
added to the lining in order to heat his load in the specified time. If we 
divide that quantity of heat by the rate of heat supplied by the element, 
we find the length of time it takes to preheat the lining from 1,000 to 
1,350 degrees. Now, in the case -- 

Q. Is what? What is that figure? A. In the case of the silicon 
carbide lining, that becomes 90.2 minutes. 

Q. Pre-heating time? A. That is correct. We found that figure 
by dividing 6, 450,000 calories, the amount of heat supplied by the 
lining -- we divided that by the rate of heat supplied by the element, 
which was 71,516 calories per minute. Thus the total time for pre- 
heating the furnace and for heating the load becomes 90.2 minutes, plus 
10 minutes, a total of 100.2 minutes. 

Q. Inthe case of the silicon carbide? A. That is correct. 

Q. Now, what about the pre-heating time for the ordinary 

82 insulation lining? A. Well, we calculated that by the same 
method. We found on Page 1 that the insulation lining supplies a total 
of 720,000 calories to the load in the ninety minutes that the load is in 
the furnace. Well, we then took that 720,000 calories and divided it by 
the rate of heat supplied by the element, 71,516 calories per minute, 
and we find that it takes 10.1 minutes to pre-heat the insulation lining 
from 1,000 to 1350 degrees Centigrade. 

Q. In the case of the insulation lining, then, you have 10 minutes 
pre-heating time, plus 90 minutes heating time, which gives you 100 
minutes in that case also? A. That is correct. 
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Q. .o then is it not a fact that considering the pre-heating time 
in both instances, plus the time that the load is in the furnace, that the 
over-all time cycle in both instances is the same? A. That is correct. 

Q. What if anything could you say, in view of that, with respect 
to the advantage, if any, gained by Benner in using the high heat capacity 
material in place of the ordinary insulation lining? A. Well, the only 
advantage is that the load doesn't have to be in the furnace for as long 
a time in the case of the silicon carbide lining. With the insulation 

lining, the load has to be in the furnace for ninety minutes; but 
with the silicon carbide lining, it only has to be in the furnace for ten 
minutes. 

Q. Well now, after Benner has, let us say, heated a charge in 
his furnace with the high heat capacity lining, what must be done then 
before a subsequent charge may be put into the furnace for heating it? 
A. He must wait an additional ninety minutes to pre-heat the furnace 
again to 1350 degrees Centigrade. 

Q. Actually, then, so far as furnace operation is concerned, 
there is no gain in output by using the high heat capacity lining as 
compared with the ordinary insulation lining; is that right? A. That is 
right. There is no gain. 

MR. BALLUFF: I would like to offer the calculations about which 
the witness has testified as Plaintiff's Exhibit No. 7. 

THE COURT: Very well. Let it be admitted. 


(Whereupon Plaintiff's Exhibit No. 7 was 
received in evidence.) 


BY MR. BALLUFF: 

Q. Now, in this case, in rejecting the claims that we are seeking 
here, the Patent Office has, in effect, said that it would be obvious to 
one skilled in the art to add a fan to the furnace of Benner for the 

purpose of circulating the atmosphere of Benner. Now, let's 
assume that we put a fan in the furnace of Benner. Can you state what 
if any advantage or improvement in result in the Benner furnace would 


be accomplished by the addition of a fan for the purpose of circulating 
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the atmosphere inside the furnace chamber? A. Well, I don't believe 
that there would be any advantage, or at least not any measurable 
advantage. 

Q. Do you have any reasons to support your answer? 

THE COURT: Do you mean by that that the temperature of the 
atmosphere would be uniform without the fan? 

THE WITNESS: I believe it would, yes. That is one reason why 
I don't believe the fan would help. Since the load is exposed on all sides 
to high temperature radiation, the fan would merely circulate a small 
amount of gas around the furnace chamber and, I suppose, around the 
load, too. But Benner states in the patent that the furnace should not 
be a great deal larger than the load that is placed in it. So, consequently, 
there isn't much room left in the furnace for any sizeable amount of 
atmosphere. And since a cubic foot of gas can contain such a small 
amount of heat, even if it is at a temperature of 1350, the amount of 
heat that could be transmitted by circulating that small amount of gas in 

85 this furnace would be negligible, I believe, compared to the 
tremendous quantities of heat that are transmitted by the lining and by 
the resistor, itself, the resistance element. 

BY MR. BALLUFF: 

Q. What is the reason, the basic reason, if any, why the amount 
of heat that could be transferred in Benner's furnace by convection, 
with the use of a fan, would be small or insignificant as compared with 
the method of heat transfer that Benner discloses? A. Well, I think 
the basic reason is that convection heating is not a very effective way 
of transmitting heat if you can instead transmit the heat by radiation. 
Convection heating just isn't as efficient, because you have to heat up 
such a tremendous quantity of gas and circulate such a tremendous 
quantity of gas in order to transmit the amount of heat that is involved 
here. Since Benner can add heat at a rate of 645,000 calories per 
minute by radiation and conduction, I think compared with that figure, 
the amount of heat that could be transmitted by circulating a gas would 
be negligible. 
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Q. Do you have any example by way of comparison for pointing 
up the relative amount of heat that you could transfer by convection in 
* ! Benner as compared with the transfer by radiation that he discloses ? 





. 86 A. I don't have any figures with me. 

Q. Well, I made the statement yesterday, in my opening statement, 
that it would be something like hooking up a canoe in front of the Queen 
Mary for the purpose of attempting to move it along. Do you think that 
is a fair comparison? A. I would say so, yes. It is about that order 
of magnitude, the difference in effectiveness of the two systems. 

» Q. Now, we have, in effect, put a fan in Benner's furnace for the 
purpose of exploring the construction disclosed in Benner. Now let's go 
a step farther, and in place of the solid ingot, 11, which Benner is setting 
out to heat, that you put in the furnace instead a tray of pieces of work 

of the kind that we were discussing here yesterday, and which are in- 
volved in the operation of the Dow furnace. Assume that you put sucha 
tray of pieces of work in there, and assume that you have a fan in Benner, 
that you have added a fan to Benner, what if any difference in rate of 

i heating or in the question of securing temperature uniformity through 

the load, or any other relevant considerations -- what, if any, would be 
involved by putting this tray of pieces in Benner's furnace when he has 
got a fan in it, as compared with what he discloses? A. Well, I don't 





bt believe that the fan would help in that case either. 
87 Q@. And why not? A. Well, I don't think the fan would drive the 
4 THE COURT: Well, if the atmosphere were ios ease the temperature, 


how could the fan help? 
THE WITNESS: That is just the point. We don’ t think it would. 
BY MR. BALLUFF: | 
4.* Q. When you had such a tray of pieces in there, would you 
describe what the heating would be throughout the load? A. Well, the 
pieces at the outside, or the top of this tray, or basket would be heated 
. very quickly and, as a matter of fact, they would be severely over- 


heated. They would be heated to a temperature approaching the 
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temperature of the inside of the furnace, roughly, 1350 degrees, since 
the furnace has already been pre-heated. However, the pieces not at 
the outside of the box, the pieces that are shielded from the direct 
radiation from the heating element, they are in the shade, so to speak, 
they would heat very slowly, and they would only heat by conduction 
between the pieces, and if two pieces are only touching at one point, 
very little heat can travel through that one point. So, consequently, 
only the pieces at the outside or the top of this basket or tray will receive 
any Significant amount of heating, unless they were left in the furnace 
for a very great length of time. Ultimately, of course, they would all 
be about equal in temperature. 

Q. If left in long enough? A. Yes. But it would take many hours 
to do it. 

Q. Now, does the Benner patent disclose that there is any utility 
for his furnace in connection with the problem of heating a batch of 
pieces of work of the kind with which we are concerned here? A. No, 
he does not. He mentions at several points in the specification that the 
furnace is to be used for heating a single piece of material. 

Q. Is the problem of heating a single piece of material the same 
as heating a batch of pieces of work, or is it quite a different problem? 
A. It is anentirely different problem, because the conduction of heat 
through a single piece of metal is quite efficient. 

Q. Relatively high? A. Like heat will go through a poker that 
you stick into the fire. The Heat travels through that piece quite quickly. 

Q. What about the conduction through a load of pieces of work? 

A. Well, it is very very slow. 

Q. Very poor comparatively? A. Comparatively. 

Q. Yes. Now, as an engineer with experience in this field, would 
you consider that it would be desirable or useful to use a furnace of the 
kind disclosed in Benner for heating batches of work? A. No, I do not. 

Q. Now, does the Benner patent say anything at all about convection 
heating? A. No. 

THE COURT: What is the term you used there? 
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MR. BALLUFF: Convection heating. 

THE COURT: Confection? : 

MR. BALLUFF: C-o-n-v-e-c-t-i-o-n. That is this heating, Your 
Honor, by circulation of air. : 

BY MR. BALLUFF: 

Q. Does the Benner patent say anything at all with reference to 
the problem of securing uniformity of temperature ~~ the load? 
A. No, he does not. | 

THE COURT: Well, is it your contention that it is possible to 
secure uniform temperature in the load immediately? Would there not 
be a time when the outside part of that load would be heated to a higher 
temperature than the inside? 

THE WITNESS: Yes, that is true. 

THE COURT: That would be the natural renuits would it not? 

THE WITNESS: Yes. It takes a certain ie of time for heat to 
travel through even a perfect conductor. 

MR. BALLUFF: We don't claim, Your Honor, that we eliminate 
the time factor. 

BY MR. BALLUFF: 


Q. Now, Benner states, as I recall, that he pre-heats his furnace 


lining to 1350 degrees Centigrade, which is about 350 degrees Centigrade 
higher than the temperature to which he desires to heat the load. Now, 
what effect if any does this over-heating of the lining have as disclosed 
in Benner with reference to the problem of securing temperature 
uniformity through the load? A. Well, it aggravates it considerably. 

Q. Would you explain your reasons for that statement? A. Well, 
if the furnace was not pre-heated when the load was put in, there would 
be a temperature difference between the load, the center of the load, and 
the outside of it, of, roughly a thousand degrees, or 97 5 degrees, if the 
load was at 25 degrees when it was placed in the furnace. There would 
be a temperature difference of 1,000 minus 25 degrees. However, when 

he pre-heats the furnace, there is an extra 350 hacia, ora 
difference between the center of the -- 
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THE COURT: Do you mean to say that if it were heated to this 
excess temperature of 1350, instead of 1,000 -- I believe I am using the 
right figures -- then you put the load in, that there would be no difference « 
in achieving the result of having the entire load heated? 

THE WITNESS: Well, there would be a difference, yes. 

THE COURT: You say, it would aggravate. What do you mean by 
that? , 

THE WITNESS: Well, one point is that there would be a greater 
difference between the temperature in the center and the temperature at 
the outside of the load. 

THE COURT: To begin with? 

THE WITNESS: To begin with. 

THE COURT: Yes. 

THE WITNESS: Because when the piece of steel is first put into 
the furnace, the outside surface is heated quite quickly, in a matter of 
seconds, I should think. 

BY MR. BALLUFF: 

Q. Would it be heated substantially above the 1,000 degrees, which 
is the desired final temperature?. A. Yes, I believe it would. 

Q. Yes. So if I understand you correctly, in Benner, with this 

technique of over-heating, you would wind up with a greater 
temperature spread between the outside and the inside of the load than 
you otherwise would? A. Yes, that is correct. 

THE COURT: But the result, the inner portion of the load would 
be heated more quickly with the excessive heat than it would otherwise? 

THE WITNESS: That is correct. 

BY MR. BALLUFF: 

Q. Now, are there any disadvantages in connection with the kind 
of metallurgical reactions that are involved in the operations performed 
in the Dow furnace in over-heating a load? A. Yes, there are many 
objections. 

Q. Well, will you explain your statement? A. Well, I said, 
"many objections."' They are all tied up with the problem of over- 
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processing those portions of the load which are over-heated. Most 
metallurgical reactions proceed at a certain definite rate of time, at 
any given temperature; but they always proceed faster when the 
m temperature is raised. So if you want to achieve a certain result ina 
certain length of time, if you use a higher temperature, you will get 
that result quicker, but that isn't always desirable. 


93 THE COURT: Is that a question of judgment, difference of opinion, 
: or not? 
THE WITNESS: Well, there is judgment involved in any metal- 
> lurgical operation. I cited an example yesterday, with those very thin 


pieces of steel at extremely high temperatures, the processing would 
progress throughout the entire cross-section onlight pieces of that type, 
if they were severely over-heated, and the reaction would proceed 
really at an uncontrollable rate, if it was done at too high a temperature. 
THE COURT: Do you suppose that in operating a furnace of that 
character that if you were using a load of very thin material, that that 
would be taken into consideration in determining the temperature of the 
~ furnace when that load was inserted? 
eh THE WITNESS: Yes, it would. However, if one had made a de- 
cision as to what was the correct temperature to process a particular 
kind of work, he would certainly not want to have that temperature 
exceeded. He would want to know just what temperature was being used. 
THE COURT: Couldn't they regulate the temperature of the 
furnace? 
at THE WITNESS: Oh, yes. The furnace temperature is adjustable 
7 and controllable. 
THE COURT: So if it were not needed to make it 1350, and only 
94 1,000 were needed, it could be regulated to that extent? 
THE WITNESS: That is correct. But Benner states that in order 
to achieve this extremely rapid rate of heating, he must pre-heat the a 





furnace to a higher temperature. 
BY MR. BALLUFF: 
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Q. Not only pre-heat, but over-heat; is that not so? A. Yes, 
that is correct. Heating it beyond the desired temperature of the load. 

Q. Is the disclosure of the Benner patent concerned at all with 
the problem of producing a metallurgical reaction in the work while the rv 
work is in the furnace? A. No; it does not state there is any metal- 
lurgical reaction proceeding at all. Apparently, the only purpose of the 
furnace in the operation is to raise the temperature of this piece of 
steel to something near a thousand degrees, and then the load is removed. 
He doesn’t state for what purpose the load is being heated. 

Q. Where you are concerned with performing a metallurgical 
reaction in the work while it is in the furnace chamber, would it or 
would it not be desirable to control the furnace temperature so as to 
prevent the work from being heated above the temperature at which the 
reaction is to be carried out? A. Yes, it would be desirable. 

Q. To— <A. Tocontrol the temperature. 

95 Q. Now, I would like to direct your attention to the Smith patent 
-- which Your Honor will find on Page 9a. I think I might save a little 
time by stating that the type ;of furnace which is disclosed in the Smith 

patent is basically the type of furnace disclosed in the Dow application; 
that is, it is a furnace which is designed for heating a batch of pieces 
of work in a container, in a controlled atmosphere, and by the use of 
convection heating. Is that right? A. That is correct. 

Q. Now, the heating elements employed by Smith are the 
electric resistance elements 21 and 22; is that right? A. Yes. 

Q. And the work basket, 28, for holding the work, is positioned 
in the furnace inside of a cylindrical shell, 27; is that correct? A. Yes, 
that is right. 

Q. Now, would you describe this shell, 27, more particularly, 
and explain what is the significance or utility of the shell with particular 
reference to the description of Smith? A. Well, the only purpose of 
the shell, 27, is to act as a radiation shield. Smith points out that it 
is desirable to prevent any radiation from the elements directly on the 

96 work in the baskets. 
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Q. So the shell, 27, is interposed between the electric resistance 
heating elements and the work; is that right? A. That is right. 

Q. Now, would you read the part of the specification of Smith 
where he discusses the function of the shell, 27; and I direct your 
attention to Page 2, Column 2, Line 99. A. "The desired uniformity 
of temperature of the contents of the basket is the more readily 
obtainable from the fact that the basket 28 or the shell 27, or both, 
intercept the radiant heat which would otherwise be absorbed by those 
parts of the contents lying adjacent the wall or shell 28, causing them 
locally to attain a temperature higher than is due to the heating effects 
of convection or conduction of or from the hot air or gases. In other 
words, it is preferred that the heating shall be effected substantially 
exclusively by convection or conduction and that heating effects due to 
radiant heat should be minimized." : 

Q. Now, I believe that the Smith patent says that the electric 
resistance elements 21 and 22 may be exposed to the atmosphere inside 
the furnace chamber or that they might be imbedded in the refractory 
material. Is that right? A. That is right. : 

97 Q. Would you point out the place in the specification where that 
statement is made? I suggest you direct your attention to Page 1, 
Column 2, Line 69. A. Well, he states that the elements can be "either 
embedded in refractory material, or, as illustrated, disposed in the 
open within the furnace chamber adjacent the inner lining 4." 

Q. So that so far as he is concerned, it isa matter of indifference 
as to whether these resistance elements are exposed or embedded; is 
that right? A. That is right. : 

Q. Now, I direct your attention to Page 1, Column 1, Line 47 of 
the specification, and ask you to point out what if anything Smith there 
says with reference to the nature of the lining or filling 9, as he calls 
it, of the furnace. A. "Between the shell 1 and 4, and bétween the 
bottoms 2 and 5 is disposed any suitable filling 9, of eile material 
of preferably low heat conductivity." 

Q. Now, does Smith have anything further to Bay with reference 
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to the matter of using heaters or heating elements or lining of low heat 
conductivity? A. Well, he refers to the heaters and states that they 
should have low heat capacity. That is on Page 3, Column l. 

98 Q. Line what -- 6? A. Line 6, yes. 

Q. Would you read that statement? A. "The source of heater or 
heating elements 21 and 22 preferably shall have low heat capacity, or 
small capacity for storing heat, in the sense that they are directly or 
substantially directly exposed to the air or gas within the furnace, or, 
if embedded, the mass shall be small enough to store only relatively 
small amount of heat; or shall have a heat capacity which is low as 
compared with the heat capacity of the material or work to be heat-treated." 

Q. Now, before you go on, would you say that in that sentence you 
have just read that he was talking about the insulation lining as well as 
the heating elements, themselves? A. Well, he doesn't actually say he 

is talking about the lining, but I think it is implied. 

Q. Why is that? A. He specifies explicitly that the heating element, 
itself, should have low heat capacity. 

Q. Well, then he says: "if embedded, the mass shall be small 
enough. '' What would that refer to? A. It is not too clear, but I think 
he means the mass consisting of the elements as well as the lining itself. 
Apparently, he wants the furnace structure in general to have a low heat 

99 capacity. 

Q. Now, will you continue reading that paragraph? 

THE COURT: Page 3, what number? 

MR. BALLUFF: Column 1. He is now down to Line 16, Your 
Honor. 

THE COURT: Yes. 

THE WITNESS: You wish me to continue? 

MR. BALLUFF: Yes. 

THE WITNESS: "This low heat capacity of the resistance elements 
21 and 22, is desirable..." -- 

BY MR. BALLUFF: 

Q. Wait a minute. Does he say, "or equivalent"? 





109 


A. "Or equivalent,'' Iam sorry. ''This low heat capacity of the 
resistance elements 21 and 22, or equivalent, is desirable from the 
standpoint of ability rapidly to change in temperature, thereby contribut- 
ing, with the circulation of the air, to reduction or elimination of over- 
shooting of temperature either when bringing the heating chamber up to 
desired or control temperature, or during control of temperature after 
the heating chamber has been so brought up to or near the desired 
temperature." : 

Q. Well now, in view of that statement of sett that you have just 
read, would you consider that it would be desirable or useful to use in 
Smith's furnace a high heat capacity material of the kind disclosed in 

100 Benner? A. No, I do not think it would be advisable. 

Q. Now, the Smith patent, in the second paragraph on Page 1, 
Column 1, states, in effect, that an object of his invention is to render 
more uniform the temperature throughout the heating chamber, and more 
particularly throughout the contents thereof treated therein. Now, he is 
talking about there the desirability of achieving temperature uniformity 
through the load; is that right? A. Yes. 

Q. Now, as I understand the disclosure of Smith, he, in effect, 
says that he achieves this uniformity of temperature by this forced 
circulation of the atmosphere through the load; is that right? A. Yes, 
that is right. ; 

THE COURT: Well now, isn't that exactly what you are seeking 
in your application? | 

THE WITNESS: Not entirely, no. 

THE COURT: You are seeking uniformity, aren 't you, in 
temperature of the load? ! 

MR. BALLUFF: Yes, that is right. We have 7 same object in 
mind as Smith. The position that we are hoping to establish is that 
Smith never achieved his quest of uniformity. , 

101. THE COURT: That is the way I understand it. 
BY MR. BALLUFF: 
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Q. Now, in connection with the matter of circulation of the 
atmosphere through the load, does Smith say in which direction he 
circulates his atmosphere? A. Yes, he does. 

Q. What does he say in that connection? A. Well, he reverses 
the direction of circulation periodically in an attempt to promote 
temperature uniformity. 

Q. Would you point out where in the specification of Smith that he 
makes that suggestion? I direct your attention to Page 2, Column 2, 
Line 126. A. "The direction of circulation of the air or gas within the 
furnace may be reversed from time to time or periodically, as by re- 





versing the direction of rotation of the fan or blower 39, as described 
and claimed in application Serial No. 10,486, filed by John W. Harsch 
on February 20, 1925." 
Q. Now, if I understand that suggestion of Smith, it would consist 
of directing the hot gases first in, let us say, the top of the load and 
taking them out of the bottom, and then after some time interval, you 
would reverse the fan so that you would direct the hot gases into the load 
through the bottom and bring them out through the top; is that right? 
102 A. Yes, that is right. 4 
Q. Would you explain the significance of that with reference to 
this question of achieving uniformity of results? A. Well, the idea of 
reversing the circulation is a good one, but there are many practical 
limitations to the idea. They are mainly concerned with the fan, itself, 
in that a fan of the type described by Smith generally only works well 
| when it rotates in one direction, and works at much less efficiency when < 
rotating in the other direction. So that while his fan may be quite ef- 
_ fective in circulating a gas in one direction through the load, when he 
reverses the direction of the rotation, his efficiency of circulation is 
probably about one-tenth of what it was before. 
THE COURT: That would depend on the fan; wouldn't it? 
THE WITNESS: That is true. 
THE COURT: Would you say that your statement would be 
applicable to any kind of a fan? 
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THE WITNESS: Well, it depends on the fan; it also depends on 
the construction of the inside of the furnace. 

THE COURT: Do you mean to say that the fan could not be made so 
mechanically efficient that it could operate in either direction with the 
same force? : 

THE WITNESS: Well, the fan, itself, could probably work 
equally effectively in either direction, but it wouldn't be equally effective 

103 in creating circulation through the load. | 
THE COURT: Why wouldn't it? 
THE WITNESS: Well, the way this furnace is built, the fan must 


blow outwards when it is rotating in one direction; and somehow or other, 








it is supposed to blow inwards when it is rotating in the other. I can't 
quite see how that would happen. : 

BY MR. BALLUFF: | 

Q. Let's take the situation first with reference to Figure 1, where 
the atmosphere goes down through the load, and the fan is pulling the 
atmosphere through the load. Now, will you describe the fan performance 
of Smith with reference to that mode of operation? A. Well, in Figure 1, 
the fan 39, is located right at the floor of the furnace, and if it is rotating 
in the direction to move the gas downwards through the load, the fan will 
then blow out sideways across the bottom of the furnace in all directions 
and then will be deflected by the sides of the furnace upwards to the top 
of the furnace where the gas will then be drawn down through the load 
again to the fan. And in that direction, the fan would work quite effectively. 

Q. Now, supposing we reverse the direction of rotation of the fan 





for the purpose of trying to reverse the circulation, : direction of circu- 
lation through the load. A. Well, the fan would have some tendency to 
104 blow upwards into the load; but the way he has disclosed the con- 








struction here, the fan blades could also blow the gas outwards across 
the bottom of the furnace at the same time and, in effect, he would be 
trying to circulate a gas in both directions at once, and he would have, 


if any movement at all through the load, it would be very slight, because 
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the gas would tend to blow off the ends of the fan blades, regardless of 
the direction it was rotating. The only way that that fan could work in 
either direction would be if it was located in a long cylindrical tunnel 
or tube, so the gas was forced to travel in a direction parallel to the 
shaft of the fan. But in this case, the gas can't travel downwards ina 
direction parallel to the shaft. It is deflected outwards across the floor 


or bottom of the furnace. 





Q. Now, if I understand you correctly, you say that with one 





direction of circulation he could obtain good circulation -- that is, with 
one direction of rotation of the fan, he can obtain good circulation, with 
the other, he can't? A. That is right. . 
Q. Now, you have also made some reference to, with another re 

type of fan that conceivably you might achieve, let's say, the same 
effectiveness of flow in both directions of fan rotation; is that right? 
A. Yes, that is right. 

105 Q. You are talking now about what we might say is an axial flow 


type of afan? A. That is correct. * 
Q. Now, has this -- > 
THE COURT: Isn't this getting to be slightly argumentative now : 


instead of disclosure of facts? 

MR. BALLUFF: Well, the only reason we brought in this re- 
ference to the other fan, Your Honor, was in view of your question; 
and I am prepared to move on now. 

THE COURT: Well, I think we are taking a good deal of time. I . 
think our questions are becoming repetitious and we are covering the 
same territory a number of times. Go ahead in your own way. 

BY MR. BALLUFF: 

Q. Is this idea of reversing the direction of rotation of the fan 


for reversing the circulation through the load, is that idea used in the 
art, in the trade, let us say? A. Not to my knowledge, no. It has 
_ been tried but apparently has not been found effective. 
Q. Now, I would like to direct your attention to the sheet of 
drawings found at Page 3a of our brief, and containing Figures 4 and 3 
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of the application drawings, and also the chart at Page 5a of our brief, 

which is entitled, "Atmosphere Circulation Diagram, " and with- 
out going into minute detail, I would like you to explain the construction 
and the mode of operation of the furnace structure disclosed in the Dow 
application here involved with reference to those figures. A. In Figure 
3 on Page 3a, there is shown across section. That is the lower drawing 
there is shown a cross section of the furnace which shows the work con- 
tainers at 18, and shows the circulating fan 20 immediately below the 
work containers. : 

Q. Now, these containers 18, have perforated bottoms; is that 
right? A. Yes. They are open at the top and bottom for the circulation 
of gas through them. They contain a gridwork, which supports the batch 
of pieces of work contained inside. When the fan is rotating, it blows 
outwards at the bottom of the furnace, and in so doing, creates a suction 
under the center of the load at 18, and draws the gas atmosphere down 
through the containers towards the fan. The fan then blows it across the 
bottom to the sides of the furnace, where it is deflected upwards by the 
side walls, and where it contacts the heating tubes 28. The heating 
tubes, of course, are the source of heat for the furnace. The gas is 
then drawn across the top of the furnace from the heating tubes and then 

down through the load to complete the cycle. The Figure 4, the 
upper drawing on Page 3a, shows six heating tubes 28, three of them 
being located on each side of the furnace. The fan is located under the 
rails shown at the center of the furnace. : 

Q. The rails are numbered 17? 

THE COURT: That Figure 4 is supposed to be horizontal? 

THE WITNESS: That is looking down from the top of the furnace. 
And it merely illustrates the fact that the heating tubes are enclosed, 
each in a separate tunnel, so to speak. 

BY MR. BALLUFF: | 

Q. Designated 34 or 36? A. Yes, thatis correct. 

Q. 33, 34 and 36, I think designate those tunnels. A. And it is 
through those tunnels that the circulating atmosphere is directed. 
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Q. Now, what is the nature of the material of which these walls 
or tunnels 33, 34 and 36, is formed? A. Those tunnels are formed of 
a high heat capacity material, with which this application is concerned, 
and they are located immediately adjacent and surrounding each of the 
heating tubes. So that they can be heated by direct radiation from the 
heating tube and also, because of that, they can act as a secondary 

108 source of heat to heat the circulating gas medium. 

Q. Now, let us say that you put a charge of work in the furnace 
in the containers 18. Will you describe the operation of the Dow furnace? 
A. Before the load is introduced into the furnace, the furnace is brought 
to the desired control temperature. 

Q. That is, initially? A. Initially, yes. When it has reached 
that temperature, the load can be introduced into the furnace. The cir- 
culating gases are drawn down through this cold charge of work by the 

fan, and they are then cooled by the work to a temperature approaching 
the temperature of the work, which is essentially room temperature. 
The fan -- 

THE COURT: You take the position, then, that the fan is desirable 
in your case? 

THE WITNESS: Oh, yes. 

THE COURT: All right. 

THE WITNESS: The fan then blows that cooled gas towards the 
outside walls of the furnace, where it contacts the heating tubes, and 
this high heat capacity material which surrounds the heating tubes. The 


fan forces the atmosphere upwards past the heating tubes and past this 


high heat capacity material, where the gas is heated. Then this re- 
heated gas is then drawn down through the load in the containers again 
109 where it is cooled; and this alternating heating and cooling of the 

gas goes on until the load has been brought to the desired control 
temperature. 

BY MR. BALLUFF: 

Q. Now, will you explain what if any significance this high heat 
capacity material 33, 34 and 36, has in connection with bringing the 
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load to control temperature and in helping to achieve, if it does, 
temperature uniformity through the load when control temperature is 
reached? A. When the load is first introduced into the furnace, the 
gas is cooled to a very low temperature, be cooled almost down to the 
temperature of the work; and as that cold gas is circulated upwards 
past the heating tubes, and this high heat capacity material which sur- 
rounds the heating tubes, the cold gas removes heat from -- 

THE COURT: What gas now are you talking about? 

THE WITNESS: The gas that is contained within the furnace. 

THE COURT: What is the character of that gas? 

THE WITNESS: Well, it is a prepared gas atmosphere in this 
particular case. It could be air. 

THE COURT: Well, it would take the place of the atmosphere in 


that particular enclosure? 


110 THE WITNESS: That is correct. It could be air or any other 


useful gas. 

THE COURT: All right. 

THE WITNESS: The gas extracts heat from the heating tubes, and 
this high heat capacity material before it is drawn down through the 
load again. Now, the purpose of the high heat capacity material is to 
augment the heat given off by the heating tubes, themselves. Since this 
material has a high conductivity, it can supply heat to the circulating 
gas quite readily; and during the first few minutes that the load is in the 
furnace, the temperature of this high heat capacity material is lowered 
several hundred degrees; and in so doing, of course, it releases a 
tremendous quantity of heat to the circulating gas. Now, as the load 
approaches the desired control temperature, because this high heat 
capacity material has been somewhat chilled, cooled down below its 
normal temperature several hundred degrees, it acts to slow up the rate 
of heating the load, because once it is cooled down to this lower tempera- 
ture, it starts extracting heat from the radiant tubes by direct radiation. 
That means a portion of the heat that is being released in the radiant 
tubes is now going to heat up this material which surrounds the tubes. 
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So, consequently, there is less heat being added to the circulating gas; 
and, in turn, less heat being added to the load in the containers. And 
111 in that connection, this high heat capacity material acts as a sort 
of a brake on the rate of heating of the load, and serves to reduce the 

rate of heating the load during the time when the load is approaching the 
control temperature; and the purpose in doing that is to reduce the 
temperature gradient throughout the load. 

BY MR. BALLUFF: 

Q. Now, before we get to the temperature gradient, just to be 
sure that we haven't overlooked anything, you have said, in effect, that 
during the first part of the heating cycle these walls give off heat to the 
gas? A. Yes. 

Q. And then subsequently, the walls begin to absorb heat from 
the heating tubes? A. That is correct. 

Q. Now, what useful purpose is accomplished by, in effect, 
recharging these walls 34 with heat? A. Well, the purpose in recharg- 
ing them with heat is so that the furnace will be available for the next 
charge that is to be inserted. When the first charge has been heated to 
its control temperature, even if it was removed at that instant when it 
reaches control temperature, the furnace is immediately available for 
heating a second load that could be placed in the furnace. 

112 Q. After the furnace is -- 
THE COURT: Well now, you say the walls will absorb the heat. 
From what source will they get it, from the atmosphere or gas? 
THE WITNESS: No. They receive their heat only from the heat- 
_ ing tubes. 

THE COURT: Yes. 

THE WITNESS: Because that is where the fuel is being burned to 
- heat the furnace. 

THE COURT: Yes. But you spoke of their being recharged. That 
is from the same source? 

THE WITNESS: That is correct. The heating tubes continue to 

_ Supply heat until the load has been brought to the control temperature, 
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at which time the combustion is turned off, and very little additional 
heat is supplied into the furnace from that point on. ! 

THE COURT: You spoke of recharging the walls, reheating the 
walls. What did you mean? 

THE WITNESS: They must be returned to i control temperature 
at the same time the load reaches control temperature. 

THE COURT: Well now, after that point, when the load has 
reached the control temperature, then what happens? You remove the 
load? A. In some cases the load is removed at that time. In other 

113 cases, the load is left in the furnace for a definite length of time 
in order to produce some definite metallurgical reaction in the load. 

BY MR. BALLUFF: | 

Q. This metallurgical reaction occurs after the load reaches 
control temperature; is that right? A. That is right. 

Q. Now, with respect to this matter of recharging the heat in 
these walls, I believe you stated that was for the purpose of bringing 
these walls back to the control temperature. Now, the practical con- 
sequences of that recharging are what? A. Well, that allows the 
furnace to be used for a second load immediately after the first load 
is removed. Now, if the metallurgical result desired is achieved ina 
minute or two after the load is brought to the control temperature, and 
the load is removed, the following load can be placed in the furnace 
immediately. There is no time loss for reheating these walls. 

THE COURT: That is clear. I understand it. 

BY MR. BALLUFF: 

Q. Now, the time that the load is maintained at control tempera- 
ture depends upon the time required to carry out the desired metal- 
lurgical reaction? A. That is correct. 

114 Q. And that could vary from a few minutes to possibly a couple 
of hours; is that right? A. That is right. 

Q. Now, would you explain how this high heat capacity material 
functions, if it does, to minimize or reduce the temperature gradient 
through the load at the time that control temperature is reached? 
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A. Since this high heat capacity material has been cooled off by the 
circulating gases during the first part of the heating cycle, it reaches a 
temperature of equilibrium, so to speak, and doesn't become cooled any 
further. If the furnace was at 1500 degrees when the load was inserted, 
if the load cooled off this high heat capacity material to a temperature 
of, say, 1,000 degrees, when the load reached 1,000 degrees, it wouldn't 
cool this material any further; at which point the heating tubes would 
have to supply heat not only to the load, but to this high heat capacity 
material as well. Consequently, less heat is being added to the load 
during the latter stages of the heating period, and since less heat is 
being added to the load, the load can be heated much more uniformily. 

Q. Well now, would you discuss that phase of it with reference to 
these charts shown on Page 23-a of the brief, which are Figures 7 and 
8 of the Dow application involved here? A. Figure 7 is a chart which 

115 illustrates how a conventional convection heated furnace would 
perform. 

Q. And the Smith patent is an example of that? A. That is correct. 

Q. Yes. A. Now, Curve No. 57 in that diagram represents the 
temperature of the parts at the top part of the load, that is, that portion 
of the load which is first contacted by the hot gases from the heating means. 

Q. And that Curve 57 shows how the temperature of that part of 
the load increases with respect to the time interval? A. That is 
correct. 

Q. The time is plotted vertically there, whereas temperature is 
plotted horizontally? A. Yes. That Curve 57 shows that the load was 
placed in the furnace with a temperature of 75 degrees, and was heated 

to a temperature of 1500 degrees. 

Q. Inthe matter of sixty minutes? A. That is correct. 

Q. In this case, the 1500 degrees is the control temperature? 


A. Yes. Now, Curve 58 shows how the temperature at the bottom of 
the load changes after the load is placed in the furnace. That is the 
_ temperature of those parts at the bottom part of the load which are 
116 naturally heated at a slower rate than the parts at the top of the load. 
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Q. And what does this chart show with respect to the time interval 
required to bring the parts of the load at the bottom up to control tempera- 
ture? A. Well, it shows that at the end of sixty minutes, the parts at 
the top of the load have reached the control temperature, 1500, but that 
the parts at the bottom of the load have only reached the temperature of 
1100, or a little bit more than 1100 degrees, a difference of nearly 400 
degrees between the top and the bottom portions of the load. It also 
shows that an additional fifty to fity-five minutes is required before the 
parts at the bottom of the load have reached the control temperature. 

Q. That is, fifty-five minutes after the top of the load got there? 
A. That is correct. For a total time of one hour and fifty-five minutes 
to heat the entire load to the control temperature. 

Q. Now, if I read this chart correctly, that would mean that after 
the top of the load gets to control temperature, the metallurgical reaction 
would begin in the material at the time of the load and would continue 
for about fifty-five minutes before the work at the bottom of the load 
reached control temperature; is that right? A. That is correct. 

117 Q. What difference would that make with respect to the question 
of uniformity or lack of uniformity of results in the processing of the 
material? A. Well, it would mean that the parts at the top of the load 
would have approximately fifty or fifty-five minutes more processing 
time at the control temperature than the parts at the bottom of the load 
would have. 

Q. Now, would you refer to the curves shown in Figure 8 and ex- 
plain the corresponding curves of Figure 8, and compare the performance 
of the furnace results shown in Figure 8 with Figure 7? A. In Figure 
8 is shown the progress of the heating of a load, a batch of pieces of 
work in a furnace using this high heat capacity material surrounding the 
radiant tubes. Curve 62 in Figure 8 shows how the temperature of the 
parts at the top of the load changes from the time the furnace is loaded 
until it reaches the control temperature of 1500 degrees. 

Q. Now, that Curve 62 is a curve that corresponds with 57 in 
Figure 7; is that right? A. That is correct. 
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Q. And in Figure 8, it still takes you sixty minutes or one hour 
118 for the top end of the load, or the hot side of the load to reach 
control temperature; is that right? A. That is correct. Curve 63 in 
Figure 8 depicts the temperature of parts at the bottom of the load; and 
there is still a temperature gradient; but at the time the parts at the top 
of the load reach control temperature at the end of sixty minutes, the 
temperature of the parts at the bottom, instead of being 400 degrees - 
cooler, are a matter of some 240 degrees cooler, which is a sizable a 
reduction in the temperature gradient. One other thing is noticeable. 
The temperature of the parts at the bottom of the load, as shown in 
Curve 63, are brought to the control temperature in thirty-five minutes 
additional time as compared with fifty-five minutes additional time in Figure 7. 
THE COURT: Is that 55 or 50? 
MR. BALLUFF: I think perhaps it is more like 50, the way I 
read it. 
THE COURT: I think it is 50. Very well. That is immaterial. 
THE WITNESS: Now, this Figure 8 illustrates how this high heat 
capacity material operates. During the first ten or fifteen minutes of 
the heating period, the temperature of the load is brought to quite a 
high temperature in a very short length of time. But from that point on, 
the load is heated much more slowly than it is shown in Figure 7. 
BY MR. BALLUFF: 
Q. Well does this, let us say, bulge in this Curve 62, this very 
pronounced bulge have any significance with respect to this high heat 
| capacity material? A. Yes, it does. It shows that the high heat capacity 
_ material has definitely augmented the heat given off by the heating tubes 
_ during the first, say, fifteen minutes of the heating cycle, and accounts 
for that very rapid rate of heating at the beginning. It also shows that 
the rate of heating to the load, itself, has been noticeably reduced during 
the next forty-five minutes of the heating period. The Curve 62 is in- 
creasing at a much slower rate than the Curve 57 in Figure 7. It is 
also seen that the difference between the temperature at the top and the 
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bottom of the load is much less through most of the heating cycle in 
Figure 8 than it is in Figure 7. 

Q. Well now, is it not true that the Curves 63 | and 62 approach 
each other long before control temperature is reached? A. Yes, they 
do. They reach their closest point at thirty minutes after the furnace 
is loaded; but they do not separate appreciably beyond that time. They 
separate slightly. : 

120 Q. So would it be fair to say, then, that with respect to the curves 
shown in Figure 8, that the curves approach each other before control 
temperature is reached and then they slightly diverge with respect to 
each other, after this minimum divergence is reached? A. That is 
correct. : 

Q. Now, in the case of the curves shown in Figure 7, after, let's 
Say, about ten minutes of heating time, isn't it true that the Curves 57 
and 58 diverge from each other until after the control temperature is 
reached? A. Yes. They have about the same divergence after ten 
minutes in Figure 7 as they do after thirty minutes in Figure 8. The 
point is that in Figure 7, in the furnace without this high heat capacity 
material, the temperature difference between the top and bottom in- 
creases continuously from that point on, and reaches a maximum of 400 
degrees, roughly, when the top pieces in the load reach the control 
temperature. | 

Q. Now, with reference to the curves in Figures 7 and 8, what 
effect if any is there in one case as compared with the other on the use 
of the high heat capacity material with reference to the average tempera- 
tures of your heating tubes? A. Well, the temperatures of the heating 
tubes are indicated along the left side of each of these two figures. 
There are four rows of figures there. The lower one, or the one on the 

121 left shows the temperature of the heating tubes. It is listed as the 
heater temperature. And it will be noticed that in Figure 7 the heater 
reaches a maximum temperature of 1920 degrees Fahrenheit at the time 
the top part of the load has reached the control temperature. That is, 
at the end of sixty minutes. In Figure 8, the maximum temperature is 
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reached at the same time, but it is only 1720 degrees, a difference of 
200 degrees in between one case and the other. 

THE COURT: How do you indicate that on this graph? 

THE WITNESS: Well, there is no graph for those temperatures 
of the heaters. They are indicated as just a column of figures at the 
bottom of each of those charts. Iam afraid they are upside down. They 

are a little hard to read. 

MR. BALLUFF: I think, Your Honor -- 

THE COURT: Yes, I understand. 

BY MR. BALLUFF: 

Q. Now, is this matter of the temperature of the heating of the 
tubes of any significance in connection with the operation or the life of 

-afurnace of this kind? A. Yes, it is. 
Q. Well, would you explain your answer? A. Well, these heat- 
ing tubes are ordinarily made of metal of some sort of heat-resisting 
alloy, and they will withstand quite high temperatures. But they will 
also melt if they are heated to too high a temperature; and the life of 
122 these heating tubes depends in part on the maximum temperature to 
which they are heated. The closer they are heated to the melting point, 
the more quickly they will fail. So that there is a significant difference 
in these heater temperatures as far as the life of the heaters is concerned. 

Q. Would you say that a 200-degree difference, exemplified by 
the figures, was a matter of substance, a matter of significance in con- 
nection with the life of the heaters? A. Yes, I would. 

Q. I direct your attention to Page 30a of the brief, which shows 
another curve, and ask you if you will briefly state what the nature of 
that curve and test is, and how it compares with the curves shown in 
Figure 8 of the application about which you have just testified? 

THE COURT: What page? | 

MR. BALLUFF: 30a, Your Honor. 

THE COURT: 30a. 

THE WITNESS: Well, this figure on Page 30a shows the results 
of a temperature uniformity test that was performed on a furnace using 
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this high heat capacity material. 

BY MR. BALLUFF: 2 

Q. That is, that is a furnace of the kind shown in the application 
here? A. That is correct. : 


123 Q. Was this test made particularly for the purpose of this trial? 


A. No, it was not. : 

Q. It was made in the ordinary course of business of the Dow 
Furnace Company? A. That is correct. | 

Q. Will you go on then? A. These curves are drawn on the same 
scale as the ones that we have just been looking at; and it shows the 
progress of heating a load from room temperature to a control tempera- 
ture of 1550 degrees Fahrenheit. Curve 1 shows the temperature of 
gas leaving the heating tubes and entering the load, which is substantially 
the temperature of the parts at the top of the load. Curve 2 shows the 
temperature of the gas leaving the load, which is an indication of the 
temperature of the parts at the bottom of the load. : 

Q. Now, what does this curve show with reference to the 
temperature gradient in the load at the time that the top of the load reaches 
control temperature? A. It shows that the temperature gradient has 
been reduced to a value slightly over 100 degrees at the time the top 
part of the load has reached the control temperature. 


124 Q. And what does it show with reference to the amount of time 


that would be required for the bottom of the load to reach control 
temperature after the top had reached control temperature? A. Well, 
it shows that substantial uniformity between the top and the bottom parts 
of the load is reached in some twenty-five minutes after the top part of 
the load has reached the control temperature. , 

Q. Well now, would you say that this curve shows performance 
which is as good, better, or worse than the performance shown in 
Figure 8? A. I think it shows that the performance has been improved 
as compared to Figure 8. 

Q. Now, the rest of the sheet contains the data with respect to ~ 
the load that was run; that is, it shows the net weight of the load was 
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506 pounds. What does it show with reference to the case depth results 
secured at the top of the load as compared with the bottom of the load? 
A. Well, it shows that the average case depth -- that is a metallurgical 
result that was desired in this particular operation -- at the top of the 
load is two-thousandths of an inch greater than the average case depth 
at the bottom of the load. 

Q. The average case depth at the top would be what, 8-1/2 
thousandths? A. That is correct. 

Q. And at the bottom, 6-1/2 thousandths? A. That is correct. 

Q. Now, in terms of results, how would you characterize those 
results from the standpoint of uniformity or lack of uniformity? A. They 
are excellent. The type of load being processed is a difficult one in which 

to achieve uniformity, and to my knowledge, there is no other type of 
furnace that would give you that degree of uniformity. 

Q. Now, would you say that this data and curves on Page 30a was 
a fair sample of the results that might be achieved in the Dow furnace 
embodying this high heat capacity material and this forced circulation 

that is disclosed in the Dow application? A. Yes, Ido. It was a re- 
gular production load run under production conditions in a heat treating 
shop. 

Q. Typical results? A. Typical results, yes. 

MR. BALLUFF: I would like to offer that curve as our next 
exhibit, No. 8. 

MR. COCHRAN: If Your Honor please, this curve appears on its 
face to be quite different from Figure 8. Figure 8 is labeled, and is 
indicated in the application as representing the applicant's results with 

126 his structure. Since the two are quite different, the presumption 
is there is a difference in the devices which produced them. So I would 
object to this as being irrelevant in the absence of a further explanation. 

THE COURT: What do you say as to that? 

MR. BALLUFF: Well, this is offered as a typical example of the 
results that it is possible to achieve with the use of the invention which 
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is disclosed in the application here involved. When the application was 
filed, the invention had just been developed, and the inventor made some 
tests to determine the results of it. This curve shows that it is possible 
to obtain even better results than originally disclosed, which is not at 

all an unusual situation. The witness has said that they are better re- 
sults, and they are typical of the results that are achieved. 

THE COURT: Let it be admitted. Exception allowed. Let's get 
along. We are taking a lot of time on this case, gentlemen. I think we 
are spending too much time on repetitious matters. : 

MR. BALLUFF: This will be Exhibit No. 8. _ 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. (8, and received in 
evidence. ) 


127 BY MR. BALLUFF: | 

Q. I direct your attention now to the Kelleher patent, No. 
1,637,486, which is to be found at Page 19a of the brief, and I would 
ask you briefly to describe the construction of the furnace there 
illustrated. A. The Kelleher patent, rather, this drawing, which is 
shown as part of the patent, appears to be not a whole furnace but just 
that portion of the furnace which contains the heating element. 

Q. The heating element is designated 3? A. That is correct. 

Q. That is in a chamber designated 2? A. Right. 

Q. Now, is that chamber 2 the furnace chamber in which the load 
to be treated in the furnace is inserted? A. No, it is not. The load is 
placed in an adjacent chamber. : 

Q. What is the relation of this chamber 2 with reference to the 
furnace chamber? The furnace chamber is not shown; is that right? 

A. Yes. | 

Q. What is the relation of this heating element chamber 2 with 
reference to the furnace chamber? A. Well, I believe that the furnace 
is located on the other side of the wall shown as 10 in Figure 2. 

128 Q. And that wall is a wall of what kind of material? A. Silicon 
carbide, I believe is the material. 
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Q. What is the function of that wall 10? A. Merely a wall ofa 
highly conductive refractory material which conducts heat from the 


heating element chamber 2 to the furnace chamber on the other side of 
the wall 10. 

Q. Now, does that wall 10 separate or divide the two chambers? 
A. Yes, it does. 

Q. Is there any provision in Kelleher for the circulation of 
atmosphere between the furnace chamber and the heating element 
chamber 2? A. No, there is not. 

Q. Is it not true that the Kelleher disclosure was made for the 
purpose expressly of preventing the circulation of atmosphere in the 

furnace chamber, to prevent that atmosphere from circulating in the 
heating element chamber 2? A. That is ;correct. 

Q. Now, turning to the Fitzc-erald patent, No. 1, 646,058, that 
discloses an arrangement which is essentially the same as that disclosed 
in Kelleher; is that right? A. That is right. 

Q. That is, the heating elements 5, which are electric resistance 

129 heaters, are disposed in a separate chamber from the work that 
is to be treated; is that right? A. Thatis right. 

Q. Now, the €ii“erald patent shows what might be called a car- 
type of a heating furnace, in which the work is carried on flat cars 23; 
is that right? A. Yes. 

Q. And what is it in FitzGerald that separates the heating element 

' chamber D from the chamber in which the cars move? A. Well the 
chamber D is separated from the furnace chamber H by the wall -- 

Q. 20? A. -- 20. 

Q. Is that right? A. That is right. 

Q. And that wall 20 is of what kind of material? A. It is also 
made of silicon carbide, a highly conductive refractory. 

Q. What was the purpose that FitzGerald said that he put his 
heating element in a chamber D, separate from his furnace chamber H? 
Why did he do that? A. In order to prevent contact between the at- 

_ mosphere in the furnace chamber H from reaching the heating elements 
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> and 6. 

Q. So is that true, that there is no contact in FitzGerald between 
the atmosphere and the furnace chamber H and the heaters 2 inthe heater 
chamber D? A. That is correct. There is no contact. 

Q. Does the material 20 which separates the chambers D and H 
have any function in FitzGerald other than to transmit heat from one 
chamber to the other? A. No, it doesn't. : 

Q. There is no disclosure in FitzGerald of any use of that 
material for the purpose of accelerating the heating of the load? A. No. 

Q. I hand you a copy of a patent to Tauber, 2, 686, 665, for a heat 
treating furnace, this patent having been issued on August 17, 1954, on 
an application filed October 14, 1950; and I would like to ask you as to 
whether or not the furnace structure there shown is not essentially the 
type of furnace structure which is shown in the Smith patent that we have 
previously discussed? A. Yes, they are essentially the same. 

Q. This Tauber patent was issued to the Leeds and Northrup 
Company? A. That is correct. : 








131 Q. And they are the same people to whom the Smith patent issued; 
is that right: A. Correct. : 

Q. Now, does this Tauber patent suggest or disclose the idea of 
reversing the circulation of the atmosphere in the furnace chamber 
through the load, so as to attempt to obtain uniformity of results in the 
load? A. No, it does not. 

Q. What, if anything, does this patent disclose with reference to 
the problem of securing uniformity of temperature through the load? 

A. It discloses a device to improve the circulation of the atmosphere, 





to improve the efficiency of the operation of the fan. That device is shown 
in Figure 2. : 

Q. He doesn't propose or Suggest the idea of’ reversing the direc- 
tion of rotation of the fan for the purpose of reversing the circulation of 
the atmosphere in the furnace chamber? A. No. : 


MR. BALLUFF: I would like to offer this Tauber patent in 
evidence as Plaintiff's Exhibit No. 9. 
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MR. COCHRAN: No objection. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 9 and received in 
evidence. ) 


132 MR. BALLUFF: This patent is not prior art, Your Honor. 

BY MR. BALLUFF: 

Q. Now, before we leave this question of temperature uniformity 
through the load, I think that we should bring out the fact that the tempera- 
ture variation through the load will, of course, vary, depending upon 
the size of the load, and the depth of the load, and the nature of the in- 
dividual pieces that make up the load, as well as the rate at which the 
atmosphere is circulated through the load. Is that right? A. That is 
right. 

Q. Are there any other factors that enter into this question of 
temperature uniformity through the load? A. Well, the temperature, 
the desired control temperature has an effect upon the ease with which 

substantial uniformity can be attained. 

Q. So with respect to these curves that we have put in, those 

curves are only valid with respect to loads of a certain size, a certain 
type, a certain depth of load; is that right? A. That is correct. 

Q. And you might get materially different figures on temperature 
variation on different size loads, andsoon? A. That is right. 

MR. BALLUFF: Would you kindly mark this as Plaintiff's 

' Exhibit No. 10. 


133 (Whereupon the said document was marked 
| Plaintiff's Exhibit No. 10, for identifi- 
cation. ) 


BY MR. BALLUFF: 

Q. I hand you a circular identified as Plaintiff's Exhibit No. 10, 
and ask you to examine it and identify it, if you can. 

MR. BALLUFF: That is the circular, Your Honor, on Page 33a 
of our brief. ? 
THE WITNESS: This is a publication of the Lindberg Engineering 


Company of Chicago, and it is called, ''Heat Treating Hints," and is 
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a periodical published by this company, containing information of interest 
to people in the heat treating industry or profession. 

BY MR. BALLUFF: 

Q. Does that article bear any date? A. It is "Copyright 1952." 

Q. Who is the Lindberg Engineering Company? A. The Lindberg 
Engineering Company is a manufacturer of heat treating furnaces. 

Q. Are they competitors of the Dow Furnace Company? A. Yes, 
they are. 

Q. Is there any connection between the Dow Furnace Company and 
the Lindberg Engineering Company? A. No, there is not. 

134 Q. Did the Dow Furnace Company have anything to do with the 

preparation or the publication of this particular article? A. No, it 
did not. 

Q. The first that anyone at Dow knew about it was when they saw 
a copy of the article; is that right? A. That is correct. 

MR. BALLUFF: I would like to offer this article in evidence as 
Plaintiff's Exhibit No. 10, Your Honor. 

MR. COCHRAN: I will object to this as tending to prove any 
facts stated in the article. The author is not here for cross examination, 
Your Honor. 

THE COURT: Well, there is no Jury in this case. It will be 
admitted, and exception allowed. I don't see its materiality. 


(Whereupon Plaintiff's Exhibit No. 10 was 
received in evidence. ) 


* * ae * a * 

135 THE COURT: Now, let me ask you this question. In this case you 
have an opinion by the Appeals Board of the Patent Office. This trial 
here, however, is de novo. But is that, in effect, an appeal from the 
Board, the examining board in the Patent Office? 

MR. COCHRAN: I think that you can assume, Your Honor, that 
evidence has been presented here that was not presented to the Board 
of Appeals. However, that evidence must be such as to overcome the 


presumption, the usual presumption of the correctness of the adminis- 





trative decision. 

THE COURT: What I am getting at is, this is not a direct appeal 
from the Board of Appeals? 

MR. COCHRAN: That is correct. There is an avenue for that 
to the Court of Customs and Patents Appeals. This is an alternative 
type of review. 

MR. BALLUFF: Which is used where the applicant desires to 
bring into the evidence some additional evidence. 

THE COURT: Very well. 

* 5 mK 

136 BY MR. BALLUFF: 

Q. With reference to your testimony this morning concerning 
the pre-heat time required by the furnace of Benner, is there anything 
in the specification of the Benner patent which would tend to substantiate 
the figures that you arrived at this morning; and if so, would you kindly 


point it out? A. Yes, there is some substantiation. On Page 2 of the 
Benner patent, itself, in Column 1, Line 12, Benner states that: "The 
time of heating for a massive charge of metal can be decreased to 


approximately one-tenth that when the charge is heated by radiation from 
the resistor alone, as is approximately the case with a highly insulating 
refractory lining.'' Now, the figures we presented this morning showed 
that the time of heating the load with the furnace lined with the insulating 
137 material was ninety minutes, and the time for heating the load 
with the high heat capacity material was ten minutes, which is approxi- 
| mately one-tenth -- ten minutes is approximately one-tenth of ninety 
minutes. 

Q. And in your opinion, that statement in the specification of 

Benner is consistent with your explanation and interpretation of the 
_ pre-heating time required by Benner? A. Yes, I do believe that. 

Q. Now, you testified this morning that this technique suggested 
in Smith of reversing the direction of circulation through the load was 
not used in the industry. A. That is right. 

Q. I would like to leave the Court with some impression of what 
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the general practice in the industry with respect to furnaces of this type 
is, and I, therefore, ask you whether the construction shown in the 
Smith patent, except for this reversal of circulation which isn't used, 
and the construction shown in the Dow application here involved, are 
those two types of structures typical or illustrative of the practice 
followed in the industry today for furnaces of this kind? A. Yes, they 
are. 

MR. BALLUFF: That is all, Your Honor. 

138 CROSS EXAMINATION 

BY MR. COCHRAN: 

Q. Mr. Holman, I believe you testified that Exhibits 3 and 4 show 
the commercial Dow Furnace Company furnaces embodying the principle 
of this application? A. That is correct. 

Q. Do you know if these machines which are pictured in Exhibits 
3 and 4 incorporate any features which have been patented? A. I believe 
there is one patent that is being made use of in the construction of these 
furnaces. 

Q. Now, in testifying as to the Benner patent, you referred to a 
number of things about his disclosure which you felt were different from 
the Dow disclosure, the Dow disclosure being the application in issue. 
A. Yes. 

Q. As I understood them, just summarizing, you referred to 
Benner's failure to provide for transfer of heat by convection. A. Yes. 

Q. The fact that Benner heated a large body, such as an ingot, 
instead of a mass of small bodies. A. That is correct. 

Q. The fact that Benner operates at higher temperatures than 

139 Dow does. A. Yes, that is true. : 

Q. And, accordingly, he would over-treat certain parts of the 
charge in view of that. A. Well, the reason he would over-treat 
portions of the charge is because of this pre -heating of the furnace to 
a temperature higher than ultimately desired in the charge. 

Q. Now, it certainly is true that Benner is similar to Dow in 
that he uses heat capacitors? They are similar to that extent; are they 





not? A. Well, yes, they both use this high heat capacity material. 
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Q. And the high heat capacity material is the same material that 
Dow uses; is that right? Benner's and Dow's matérial is the same 
silicon carbide, to be exact? A. Well, actually, the Dow furnace 
doesn't use Silicon carbide. 

Q. Silicon carbide is disclosed in the application as a material 
that can be used? A. It is a material that can be used. It is not at 
present being used. 

Q. And the heat capacitors in Benner are at least in part mounted 
in the side walls of the furnace, similar to Dow's? A. That is true. 

140 Q. And the high heat capacity material is provided in a mass in 
Benner's device sufficient that a large part of the heat necessary to 
bring a charge up to temperature is provided by the heat capacitors; 
isn't that true? A. Could I refer to this? 

Q. Yes, surely. A. Before I answer that. 

THE COURT: Will you state your question again? 

BY MR. COCHRAN: 

Q. The mass of high heat capacity material provided in the Benner 
device is sufficiently large that a considerable portion of the heat -- it 
will store a considerable portion of the heat necessary to bring the charge 
up to temperature? A. Yes, that is probably true. 

Q. Now, you have emphasized repeatedly in your testimony that 
Benner's temperatures are higher than Dow's. Can we assume from 
that that you take the view that Dow's invention is limited to a lower 
range of temperatures than Benner's disclosure? A. No. It is not 
theoretically limited to lower temperatures. There is a practical 
limitation of temperature. 

Q. Then the temperature difference is not a difference in disclo- 
sure as between Dow's invention and the Benner disclosure; is that 

141 right? 

MR. BALLUFF: What temperature difference are you speaking 
about, Mr. Cochran. 
| THE WITNESS: Well, the difference in the temperature of 
operation, the difference in the control temperature being used is not 


significant. 

THE COURT: The question is, is it a difference in your specifi- 
cation, in your idea of your invention; is it that or is it in the operation 
of the furnace in each case? 

THE WITNESS: Well, the method of operation disclosed by Benner, 
the business of pre-heating the furnace to this exceptionally high tempera- 
ture, that may be all right for the type of heating that he is attempting 
to do; but it would be very incorrect to use that principle of over-heating 
a furnace -- 

THE COURT: For a small body? 

THE WITNESS: -- for a number of small pieces that are to be 
processed metallurgically in the furnace. 

BY MR. COCHRAN: 

Q. And so the high temperatures, that becomes important when 
you treat a mass of small objects; is that your testimony? A. No. 

That isn't what I meant. When certain metallurgical operations are to 
be performed in the furnace, it would not be considered good practice 
to over-heat any portion of the load beyond a temperature at which you 
decided the work should be processed. 

Q. That would be true at any temperature? A. That would be 
true at any temperature, yes. 

THE COURT: Just on that point. Is it your contention that under 
the Benner process the heat could not be reduced to meet the situation 
that you need, of smaller bodies? 

THE WITNESS: It is my understanding of the Benner disclosure 


that he is only able to heat this ingot in ten minutes when he pre-heats 


the furnace to this exceptionally high temperature, the temperature of 
350 degrees over the desired control temperature. If he didn't pre-heat 
the furnace, I don't believe that he could hope to heat his load in ten 
minutes. 

BY MR. COCHRAN: 

Q. Is the Dow furnace pre-heated? A. No. Well, it is brought 
up to the desired control temperature. 





134 


Q. Yes; and then a batch is removed. A. And another batch is 
placed in immediately. The furnace is not heated up in between batches. 

Q. Now, you have also mentioned that Benner treats large ingots. 
You have emphasized that. Whereas you have inferred, at least, that the 
Dow invention treats a mass of small pieces. Now, is it your under- 

143 standing that the Dow invention is limited to treating a mass of 
small pieces? A. No, it is not limited; but that is a much more diffi- 
cult type of heating to do and, consequently, it is necessary to use 
convection heating in order to heat this mass of relatively small parts. 

Q. In and of themselves, then, the difference in temperature 
between that disclosed by Benner and that disclosed by Dow, and the 
fact that Benner treats a large piece and Dow treats a series of small 
pieces, those are not actually distinctions; are they? A. No. The 
distinction arises from the fact that in the Dow furnace the high heat 
capacity material is used in conjunction with a fan to provide forced 
circulation of the atmosphere. 

Q. Now, that is the crux of the matter; is it not? A. That is 
right. 

Q. Just as an incidental matter, it wasn't your testimony that 
Benner was not interested in uniformity of heating? You didn't mean 
to indicate that? In fact, Benner does mention uniformity of heating; 
does he not? A. I don't believe he mentions it as being a problem to 
overcome. Apparently the type of heating job he is trying to do is not 
affected by non-uniformity. 

144 Q. On Page 2 of Benner, Column 1, he recites four advantages, 
beginning at Line 31, four alleged advantages of the use of his furnace. 
What would you say to number three, in the light of your testimony? 
A. Well, his number three states that: "Heat is applied uniformly to 
all parts of the charge, including those parts shielded from direct 
radiation from the resistor." I think it is obvious that he is referring 
to the outside surface of the piece. Heat is applied uniformly to all of 
the outside surfaces of the piece, because they are in a position to 
receive heat by direct radiation from the resistor or the lining, and 
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except for the under-surface of the load, it can receive its heat only by 
virtue of its being in contact with the floor of the furnace. 

Q. It ;is fair to say, then, to some extent he is interested in 
uniformity of heating? A. Well, yes, he is heating all of the outside 
surfaces uniformly. 

Q. Now, I understood you to testify as to Benner that there would 
be nothing in this disclosure to prevent you from treating small pieces 
of work by mounting the mass of small pieces in a perforate holder, a 
basket, in the Benner furnace. A. Well, I believe there would be a very 
great difference there. I don't believe the Benner furnace would heat 
them. i 

145 Q. Wasn't it your testimony that it would heat them too much? 
A. It would heat the outer pieces, the parts at the top of the load or at 
the side. It would heat them very quickly, but the ween within the mass 
would heat extremely slowly. : 

Q. Now, a furnace designer tries the Benner furnace and he runs 
into this problem that the parts exposed to radiation from the heat 
generators and from the heat capacitors would be such as to br ing the 
outside elements, the outside parts being treated toa higher temperature 
than he wants. What would be the natural thing to think of first? Wouldn't 
lowering the temperature be one of the things he - think of? A. That 
is true. | 

Q. But that would have a disadvantage; wouldn' tit? A. That 
would cut down his speed of heating. : 

Q. Yes. Asacorollary to that, it would nein it would take an 
extraordinarily long time to bring the parts at the center, which were 
not being subjected to radiation, up to heat? A. That is true. 

Q. Yes. A. His process is fast mainly by virtue of the fact that 

146 he pre-heats the furnace, 

Q. Now, what had been done in the art to attempt to overcome 
this problem of high heat on the outside and lesser heat on the inside? 
What was the way to try to reduce the temperature gradient? Wasn't 
one of the ways to cause a flow of heated gas through the perforate basket? 
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A. That is correct. I wonder if I could make a comment here? 

Q. Yes, yes, make any comment you like. A. For the type of 
heating that Benner is trying to do here, and the type of material he is 
trying to heat, it may be quite in order for him to allow at least a portion 
of that load to reach a temperature of 1350 degrees. However, the 
number of cases where that would be allowable are somewhat limited, 
because most steels will melt or will at least start to melt at that 
temperature. He refers to that temperature two or three times as being 
the desired temperature. Now, most steels would be very heavily -- 
we would say -- burnt, oxidized by heating to such a temperature. There 
may be cases where that is not important that they do that; but I should 
think that those cases would be relatively limited. 

Q. Now, you have testified -- A. And one other thing. That 

147 temperature he mentions of 1350 would also be severely damaging 
to any metallic fan that might possibly be used in such a furnace. 

Q. You base your objection to Benner principally on the tempera- 

| ture that he uses, then; is that it? A. No, not the temperature, as 
such; but mainly the fact that it is pre-heated. The furnace is heated 
above the desired operating temperature. I tmly brought out this 

point of the temperature, itself, the temperature he mentions simply 
because he does. He seems to make quite a point of this 1350 degrees 
as being an approved or a desirable sort of temperature. It may be in 
some limited cases, but I don't believe there are many industrial heat- 
ing operations where you would heat a material to that temperature un- 
less you were attempting to melt it. But the idea of pre-heating the 
furnace could be used at lower temperature levels. 

Q. Is the Dow furnace ever brought to a temperature higher than 
the control temperature that you wish to reach? A. No, not in normal 
operation. It would be the result of an accident only. 

Q. The heating elements are not brought to a higher temperature 

_ than the temperature you would like to reach? A. The heating elements 
must be brought to a higher temperature than the desired control tem- 
148 perature. 
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Q. The heat-absorbing surfaces, are they brought to a higher 
temperature? A. I believe that at some stages of the heating cycle, 
they could reach a temperature higher than the control temperature. 
Of course, the control temperature is the average temperature of the 
furnace and the load. . 

Q. Now, you have testified, Mr. Holman, that you are familiar 
with the metal-heating furnaces which were in use in 1947 at the time 
this application was filed; is that right? A. That is correct. 

Q. Were you active in the field at that time yourself? A. Yes, 
I was. : 

Q. Did you at that time know of the Benner, et al. furnace? 
A. Of which furnace? | 

Q. The Benner furnace. A. No, I didnot. © 

Q. Was it a furnace that the art in general was familiar with? 
A. Well, I would rather doubt it. I have never seen a furnace like 
that at any time. | 
THE COURT: You mean you had not or you have not? 

THE WITNESS: I have not had knowledge of such a furnace. 


149 BY MR. COCHRAN: 


Q. Now you have testified that Dow's purpose in using a fan was 
to carry heat from heating elements or heat-storing elements to parts 
which were not exposed to radiation. A. That is correct. 

Q. Basically, this is the same purpose the fan serves in Smith; 
is itnot? A. Yes, that is correct. 

Q. Now, divorcing your thoughts for a moment from the question 
of temperature, and even Benner's disclosed method of operating his 
furnace, what is the difference between the Benner apparatus, the Benner 
furnace, itself, and the Dow furnace? A. Well, the basic difference is 
that the Benner furnace is a radiant furnace, and the Dow furnace is a 
convection furnace. 

Q. Those are names. What is the difference in structure? A. In 
a radiant furnace such as Benner, the work is heated by direct radiation 


from the heating element to the work. In other words, the work can see 





138 


the source of heat. It is in direct proximity. Whereas in a convection 
furnace, the work is shielded from direct radiation. The source of heat 
is not allowed to impinge directly on the work. 

150 Q. Then the Dow furnace is one in which the work is necessarily 
shielded from radiation? A. That is true. That is a subsidiary function 
of this heat storage material. It also acts as the radiation shield, as 
well as a secondary source of heat during the first part of the heating 
cycle. 

Q. Are you familiar with Figures 1 and 2 of the Dow application? 
A. One and 2? Yes. 

Q. Would that alter your testimony as to the scope ;of the Dow 
invention as it pertains to direct radiation? A. Well, it is true that the 
high heat capacity material is not being used as a radiation shield, but 
the work containers at 18 here, they are also acting as a radiation shield 
in this particular case. 

Q. They are in contact with the work inside, are they not, and 
the work would receive heat from the containers by conduction? A. To 
a limited extent, yes. 

Q. It is fair to say, isn't it, then, that the essential difference 
between the Benner apparatus and the Dow apparatus is the provision 
in Dow, in addition to the heat capacitors, of some means to cause con- 
vection currents? Is that a fair statement? A. Would you repeat the 

151 question, please? 

Q. You had better read it back. 

(Whereupon the pending question was read by the reporter. ) 

A. Yes; that is a fair statement; but it is not complete. There is one 
other thing. 

Q. What is that? A. The fact that in the normal method of 
operating the Dow furnace -- 

Q. Iam speaking now of apparatus, so limit your answer to 
apparatus. A. Oh. Well, they are similar -- let me do it differently. 
It is true that the Dow construction has the high heat capacity material 
and so does the Benner furnace; but there are two essential differences 


y oS 
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between the two: One is that means is provided for circulating an 
atmosphere, a gas atmosphere through the batch of pieces of work; and 
also, this batch of pieces of work is shielded from direct radiation from 
the heating elements. | 

Q. From the heating elements? A. Yes. 

Q. Now, you mentioned as a supposed difference between Benner 
-- or the Benner process, let us say, and the Dow process, that Benner 
does not describe a reaction, a metallurgical reaction. Is it your view 
that the Dow invention is limited to causing a reaction of some kind? 

A. No, it is not limited to that. : 
152 Q. In its broad aspect, it does not involve a reaction but can 
involve mere heating; isn't that right? A. That is true. 

Q. In Figure 8 of the application, Curve 62 represents, I believe 
you said, the temperature of the top of the load? A. : Well, the tempera- 
ture of that part of the load which is first contacted by the hot gases. 

Q. Yes. A. Inthis particular case, it was the top. 

Q. What happens to that temperature after the sixty-minute 
period; in other words, during the equalization period? A. That 
temperature is maintained at 1500 degrees. , 

Q. In other words -- A. It is maintained at the control tempera- 
ture. ! 

Q. There is a Sharp change in curvature of that curve, and it 
goes directly vertical; is that right? A. Yes, that is correct; the 
reason being, of course, that the heat input is reduced, the heat input 
to the furnace is reduced by means of a temperature controller. 

Q. Now, Figure 7 is labeled, in Plaintiff's trial brief, as re- 


presentative of prior art furnaces. As a matter of fact, it represents 


the operation of a furnace such as Smith's does it not? A. Yes, that 


is true. 
153 Q. It doesn't represent the operation of Benner; does it? A. No. 
Q. Or of any combination of Benner with Smith? A. No. It 
refers only to a furnace such as disclosed by Smith. 
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Q. In the Kelleher patent, the silicon carbide wall 10 is the roof 
of the furnace. You testified that is the roof of the furnace; is it not? 
A. Well, it probably is the roof. Say it is one wall, anyway. 

Q. And it radiates heat into the furnace? A. That is correct. 

Q. The material in the furnace being treated necessarily, then, 
is structurally shielded from direct radiation from the heating element, 
and that would be true; wouldn't it? A. Yes; it receives its radiation 
from the wall 10. 

Q. Is it generally known in the furnace art that the Dow Furnace 
Company has applied for a patent on a heat capacitor fan-type combina- “ 
tion furnace? A. I believe that it states in some of the Company's ae 





literature that patents are pending. 

154 Q. "Patents pending, '' might be applied to these machines even; 
is that true? A. ButI don't believe it refers explicitly to which 
features of the furnace have patents pending. There are other patents 
pending, too, besides this one. 3 

Q. Do you know whether or not it is generally known in the art 
that a patent application has been filed? “A. In this particular applica- i 
tion? 

Q. Whether an application has been filed by Dow Furnace Company 
corresponding to the application here in issue. A. I don't believe it 
would be generally known. “ 

Q. Would you say that it is generally considered desirable in ‘ 
treating small objects in a control atmosphere to have a minimum 
temperature gradient in the material as the control temperature is 
approached? A. Would it be desirable to have that? 

Q. Would the art generally consider that to be a desirable con- 
dition? A. Yes, very definitely. 

Q. Workers in the art, then, would recognize this as a desirable 4.¥ 
goal that they ought to attempt to achieve? A. Yes, that is true. ‘ 

MR. COCHRAN: That is all. 

THE COURT: Anything further? “4 
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155 MR. BALLUFF: I have a few questions, if Mr. Cochran is 
through. 

MR. COCHRAN: Yes. 

REDIRECT EXAMINATION 

BY MR. BALLUFF: 

Q. On cross examination you made a reference to a patent or a 
patented feature which might be incorporated in the Dow furnaces illus- 
trated in the Dow furnace literature that has been introduced in evidence. 
Do you recall that testimony? A. Yes. 

Q. Now, does that patent to which you referred have anything to 
do with the matter of obtaining or achieving temperature uniformity in 
the load? A. No, it does not. 

Q. What does it have reference to? A. It has reference to the 
preparation or generation of this gas atmosphere that could be used in 
the furnace. That is the only patent that I am familiar with. 

Q. Now, you have in connection with Benner made some reference 
to the fact that he uses high heat capacity material in his furnace; and I 
would like to ask you whether the high heat capacity material which is 
used in the Dow furnace structure here involved performs or functions 
in the Same way as it does in the Benner patent, or whether it functions 
ina different way; and I would like an explanation for your answer. 

156 A. Well, I believe that it functions in a different way in the two 
furnaces. : 

Q. In what way? A. Well, in the Dow furnace, the heat that is 
stored in this high heat capacity material is transferred to the work by 
the circulation of this gas atmosphere, or it could be air; whereas in 
the Benner furnace, the heat stored in this material is transmitted by 
radiation and conduction. That is one difference. Another difference is 
that in the Dow furnace, the heat that is removed from this high heat 
capacity material is really only borrowed from this material. It is 


replaced in the material. It is all replaced by the time the load reaches 


the control temperature. 
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Q. How does that compare with the question of, in effect, recharg- 
ing the high heat capacity material in Benner? A. Well, the heat that 
is removed from the high heat capacity material in Benner's furnace 
is not replaced until after the load is removed from the furnace, and 
there is, consequently, a waiting period of some length before the 
furnace can be recharged again, in which case the furnace stands empty 
and is really not productive during this time. 

Q. You testified also, I believe, that the high heat capacity ma- 

157: terial in the Dow furnace functions something like a brake -- I 
think you used the term -- in connection with controlling the heating of 
the load in the Dow furnace. What did you mean by that? A. When the 
load is first introduced into the furnace, it has a cooling effect, severe 
cooling effect on the high heat capacity material, and when that material 
has been cooled several hundred degrees, it then starts to absorb heat 
by direct radiation from the heating elements, themselves, and thus 
makes less heat available to be added to the circulating medium, which, 
in turn, adds the heat to the work. 

Q. Would it be correct to say, then, that this high heat capacity 
material functions in Dow during the early part of the heating cycle as 
an additional heat source to help accelerate the heating of the load, but 
during the last part of the heating cycle it functions as a heat absorber, 
and thus functions to substantially cut down the rate of heating of the load 
due to the fact that this material is absorbing heat from the burners, 
themselves? A. That is correct. 

Q. And thus it automatically reduces the heat liberation or output 
of the heating tubes in the furnace? A. That is correct. 

Q. Is there any such function disclosed or possible in connection 

158 with the high heat capacity material as disclosed in the Benner 
patent? A. No, I don't believe so. 

THE COURT: In that connection, what is the effect of the metal 
Shell 27 in the Smith patent, Figure 1? 

MR. BALLUFF: That is the cylindrical shell in Smith. 
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THE WITNESS: Well, that acts as a shield to prevent direct 


radiation from the heating element to the work. 

THE COURT: Yes. 

BY MR. BALLUFF: 

Q. Now, in connection with Figures 1 and 2 of Dow, where the 
high heat capacity material is not used as a shield, and hence you do have 
some direct radiation of heat to the outside walls of the heat containers 
18, would the convection circulation of the atmosphere have any function 
in modifying or dissipating this heat which was absorbed by radiation in 
the walls of the containers 18? A. It would have some effect, but I 
think -- perhaps I should be corrected here, but I believe that Figures 1 
and 2 in the application are not considered by the applicant to be as good 
an arrangement as Figures 3 and 4. I believe that is stated in the appli- 
cation. 

Q. And the commercial structure used by Dow in its furnaces 
corresponds essentially with the type of construction illustrated in 

159 Figures 3 and 4; is that right? A. That is correct. 

MR. BALLUFF: I believe that is all. 

THE WITNESS: Your Honor, those figures are not included in the 
brief. 

MR. BALLUFF: They are in the file history, though, Your Honor. 

MR. COCHRAN: Your Honor, I have one more question. 

RECROSS EXAMINATION 

BY MR. COCHRAN: 

Q. I believe you testified that one of the characteristic differences 
between the Benner device, the Benner process and the Dow process is 
the fact that there is a pre-heating period in Benner, whereas there is 
none in Dow. A. That is correct. 3 

Q. On Page 12 of the specification describing the Dow invention, 
it says: "Before a load of work to be heat treated in placed in the con- 
tainers 18, the walls or heat absorbing elements 31 and 32 and the cir- 
culating medium will be heated up by the operation of the radiant heat- 


ing elements 28 until the temperature of both the heating elements 28, 
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the walls, and the circulating medium is about equalized at or near 

control temperature."' Then it goes on to say that the work is put into 
160 the furnace. Does that change your testimony as to how the Dow 

furnace operates? A. No, it does not. 

Q. Isn't this a pre-heating period? It is a heating period which 

takes place prior to the time that a load of work is put in the furnace, 

it would appear; wouldn't it? A. Well, in that sense, it is pre-heating; 

but that would be true of any or almost any industrial heat treating 

furnace. The furnace is originally cold at room temperature. It is 





brought up to some desired control temperature before any work is . 
added in most cases. The point I was making before was that after a “ 
load has been processed in the Dow furnace, the furnace is ready to 
receive a second load without any further heating of the furnace itself. 
But any furnace has to be brought up to the operating temperature or- 
dinarily before a load is placed in it. But from that time on, there is 
no pre-heating of the furnace involved. 

Q. Now, this long period of pre-heating that you have calculated , 


would be necessary in Benner, was due, was it not, according to your * 
calculations, to a limitation on the amount of heat that the heat generators 
could put out? A. That is true. 

161 Q. That was due, presumably, to the type of heat generator that 


was used? A. Yes. P 
Q. Heat generators which were available in 1947 were not subject 
to that limitation; is that right? A. Well, there is a limitation on any < 


heat generating element, and -- 

Q. Mr. Dow used heat generators which were not so limited; is 
that right? A. No, they have a limit, too. 

Q. Are they limited to the same extent that your calculations 
indicated the Benner? A. I don't quite know in what way the Benner 
elements were limited; but, apparently, there was some limitation as ‘ 


to the amount of electric current that could be used, and which limited ’ 
the speed at which this lining could be heated. Because this is a high % 
capacity material that he used, it did require a tremendous amount of - 
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heat to bring it to that temperature of 1350 that he mentions, and would 
take a long time, relatively. 
REDIRECT EXAMINATION 

BY MR. BALLUFF: 

Q. In your testimony about pre-heating with respect to Benner, 
if I understand it correctly, you were not talking about the initial heat- 

162 ing of the Benner furnace; but, as I understand it, you were talk- 
ing about the time interval after a charge had been removed from the 
Benner furnace? A. That is correct. 

Q. Before another load could be put into it; is that right? A. That 
is correct. The Benner furnace would, in ordinary: circumstances, be 
heating to this 1,000 degrees to begin with, and there would be no load 
there. : 

Q. And there is no such corresponding heating interval required 
in Dow after a load has been processed in the furnace; is that right? 

A. That is correct. : 

THE COURT: Hasn't that been covered? 

BY MR. BALLUFF: 


Q. With respect to the question of the size of the heating elements, 


you have testified there are limitations on the size of the heating elements 
that are used. Supposing that Benner had used heating elements of twice 
the capacity that he apparently used. How would that affect this question 
of pre-heating time? A. Well, it would shorten the pre-heating time. 

Q. It would shorten it? A. Yes. : 

163 Q. It wouldn't eliminate it? A. No. 

Q. If he had twice the heating capacity, it would cut the pre-heat- 
ing down fifty per cent? A. Well, that would be the most it could do. 

Q. But would he change the ratio between the pre-heating time and 
the heating time that the load was in the furnace by doubling the size of 
his heating elements? A. I don't believe so, no. . 

MR. BALLUFF: That is all. 

MR. COCHRAN: That is all, Your Honor. 
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(Witness excused. ) 
MR. COCHRAN: Is that your case? 


MR. BALLUFF: Yes, that is our case. 
MR. COCHRAN: At this time, I offer in evidence, Your Honor, 


the folder which I handed up to you as part of my opening statement. 
That will be Defendant's Exhibit 1, and our only exhibit. 
THE COURT: Which is that? 


MR. COCHRAN: That was the folder that I handed up to you at 
the beginning of my opening statement. That is it right there. 
THE COURT: Will you mark this as an exhibit. Now, that in- 
cludes the opinion of the Examiner and of the Board of Appeals? 
164 MR. COCHRAN: That is correct, and the references on which the 
Examiner and the Board relied in rejecting the application. 
THE CLERK: Government's No. 1. 
(Whereupon the said document was marked 


Government's Exhibit No. 1, and received 
in evidence. ) 


THE COURT: Now, the brief that you submitted, that is submitted 
to the Court for its examination, and the file. 
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FINDINGS OF FACT 3 
Q. This is an action under Title 35 of the United States Code, 
Section 145, in which the plaintiff Doris B. Dow, Trustee, sought to 
have the Court authorize the allowance of claims 30 to 96 in the applica- 
tion for patent of John A. Dow, Serial No. 746, 277. | 
2. The application in question relates to the heat treatment of 
metals. The metal is heated in a batch type treating furnace containing 
heating elements, a means for supporting the metal articles, a fan for 
circulating gases in the furnace, and heat absorbing material of high 
heat capacity of substantial mass disposed in the furnace receiving 
heat from the heating elements. The transfer of heat to the work is 
such that the work exhibits a lesser temperature gradient as the control 
temperature is reached than is true in furnaces where heat capacitors are 
not used. | 
3. The Benner et al patent, No. 1,997, 622 describes a furnace 
having electric heating elements and a lining of substantial thickness 
of high heat capacity material, such as silicon carbide. During idle 
periods the capacitors store heat radiated by the heating elements 
for transfer of heat at a high rate to cold work placed in the furnace. 
By using heat capacitors of high conductivity Benner et al are enabled 
177 to double the power input to the furnace and thereby shorten the 
usual heating cycle. 7 
4. The Smith patent No. 1, 721, 840 discloses a heat treating 
furnace in which a mass of small metal parts are supported in a work 
container which is open at the top and bottom. A fan conveys heat 
from heating elements in the furnace through the mass of work in the 
work support, while the latter shields the work from direct radiation. 
5. The Fitzgerald patent, No. 1, 646, 058 and the Kelleher 
patent No. 1, 637, 486 describe heat treating furnaces in which the 
work is shielded from direct radiation by the interposition of a barrier 
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of high heat capacity material between the heating elements and the 
work. 

6. The patent to Benner et al is not limited, in its contribution 
to the art, to the heating of large ingots or the use of extremely high 
temperatures. 

7. It would not require more than routine talent for a furnace 
designer, in using the Benner et al furnace for the heat treatment 
of a mass of small objects, to attempt to reduce the temperature gradient 
in the material by known means, Such as the provision of a fan to cir- 
culate gas within the furnace, as taught by Smith. 

8. Claims 30 to 48 do not define invention over Benner et al in 
view of Smith. 

9. Claims 49 to 52 and 56 do not define invention over claims 30 
to 48 in view of either Fitzgerald or Kelleher. 

10. Claims 53 to 55 are directed to species not elected for 
prosecution and are not before the Court for consideration. 

11. Claims 30 to 52 and 56 do not define inve ntion in view of the 
prior art. 

CONCLUSIONS OF LAW 

1. The plaintiff is not entitled to a patent containing any of 
claims 30 to 52 and 56 of application Serial No. 746, 277. 

2. The complaint should be dismissed as to all of claims 30 to 
56 of application Serial No. 746, 277. 


/s/ Edgar A. Vaught 
JUDGE 


October 30, 1956 


MY eer 
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[Filed October 25, 1956] 


OPINION 


This is an action under the patent laws of the United States, 
Title 35 U.S.C. section 145, under which plaintiff seeks to obtain a 
United States Letters Patent on the application filed in the United 
States Patent Office by John A. Dow (now deceased), for "Heat Treating 





Furnace and Method." : 

The plaintiff, Doris B. Dow, widow of said John A. Dow, is a 
resident of Detroit, Wayne County, Michigan, and as trustee is the sole 
owner of the entire right, title and interest in said John A. Dow applica- 
tion Serial No. 746, 277, filed May 6, 1947, and the invention disclosed 
and claimed therein, in trust and as guardian for the benefit of Herbert 
Randall Dow, a minor, John B. Dow, a minor, and Doris B. Dow, by 
virtue of an assignment dated March 23, 1950, from Doris B. Dow, 
administratrix of the estate of John A. Dow pending in the Probate Court 

in the County of Oakland, State of Michigan, to Doris B. Dow, 
trustee and as guardian for said minors. : 

On September 21, 1953, the Board of Appeals of the Patent 
Office affirmed the action of the Primary Examiner finally rejecting 
claims 30 through 56, all of the applicant's claims, on the ground 
that the same were unpatentable over the following references: Kelleher 
1, 637, 486; Fitz Gerald 1, 646, 058; Smith 1, 721, 840; and Benner et al 
1, 997, 622. 3 

No appeal was taken to the United States Court of Customs and 
Patent Appeals from said decision of the Board of Appeals, but plaintiff 
elected and exercises her remedy by civil action against the Commissioner 
of Patents in the United States District Court for the District of Columbia, 
as provided by Title 35 U.S.C. Sec. 145. Under this section plaintiff is 
entitled to a trial de novo and, while the decision of the Patent Office 
is presumptively correct and entitled to much weight, if the evidence 


introduced overcomes such presumption and establishes that the finding 
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of said Patent Office was not justified, the court shall authorize the 
‘issuance of the patent under the compliance with the law. 

The Examiner's statement as of October 6, 1952, and the opinion 
of the Board of Appeals affirming same are attached hereto and made a 
part of this opinion. 

The question before the court is whether or not the evidence in 
‘this court is sufficient to justify overruling or modifying the opinion of 
the Board of Appeals of the Patent Office. In that connection the court 
repeats the statement of the Board: 

"We are in agreement with the Examiner that the 
method claims are largely functional and whatever results 
are obtained must be largely due to the operation of the 


furnace with the heat storing silicon carbide material 


therein. The results achieved by appellant and stressed 


by him, mainly, reduction of time in heating the metal 
articles and uniformity of heating, are fully described 

by Benner et al. While the latter did not provide means 
for circulating the atmosphere within the furnace, we 
perceive no invention in view of Smith in providing such 
means. The inclusion of such a fan would merely ac- 
complish the normal and expected function of 1 such 
device. We have noted the portion of Smith, quoted 

by appellant, which cautions against the use of a furnace 
having large heat storing capacity. However, we see nothing 
in this statement which would militate against Benner et al 


employing gas circulating means within their furnace." 


The court finds that the evidence introduced in this court is not 
sufficient to justify reversal or modification of the opinion of the Board 
of Appeals, and concludes that the claims set forth in plaintiff's applica- 
tion merely constitute a combination of elements of well known art as 
shown in existing patents and therefore are not patentable. 

The findings of fact and conclusions of law submitted and requested 
by plaintiff are denied, to which an exception is allowed. The findings 
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of fact and conclusions of law submitted and requested by the defendant 
are approved and made the findings of fact and conclusions of law of 
this court, to which an exception is allowed the plaintiff. 
Judgment will be for the defendant. A form of judgment consistent 

with this opinion may be submitted by defendant's attorney. 

/s/ Edgar S. Vaught 

United States District Judge 


Dated this 25th day of October, 1956 


[Filed October 25, 1956] 


JUDGMENT 
This action came on to be heard at this term, and thereupon upon 
consideration thereof, it is this day of October 25, 1956. 
ADJUDGED that the complaint be and it is hereby dismissed, with 
costs against plaintiff. 
/s/ Edgar B. Vaught 
JUDGE 


[Filed December 21, 1956] 
NOTICE OF APPEAL 

Notice is hereby given that Doris B. Dow, Trustee, plaintiff above 
named, hereby appeals to the United States Court of Appeals, for the 
District of Columbia circuit, from the final judgment of the United States 
District Court entered in this action on or about October 25, 1956. 
/s/ Solon B. Kemon | 
Attorney for Plaintiff * * * * 


OF COUNSEL: 
E. J. Balluff* * * * 
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2,686,665 


UNITED STATES PATENT OFFICE 


2,686,665 
HEAT-TREATING FURNACE 
Gustave M. Tauber, Philadelphia, and John J. 
Schultz, Drexel Hill, Pa., 


and Northrup Company, 


assignors to Leeds 
Philadelphia, Pa., a 


corporation of Pennsylvania 
Application October 14, 1950, Serial No. 190,152 
3 Claims. (Cl. 266—5) 


1 

This invention relates to heat-treating fur- 
naces of the forced convection type used for 
tempering, annealing, carburizing, nitriding and 
similar heat-treating processes. 

In many furnaces of this type, a fan, disposed 
in the bottom of the furnace below an open- 
ended basket which contains the work to be 
treated, forcibly circulates the furnace atmos- 
phere repeatedly through the work container 
and a heating space between the work container 
and the internal wall of the furnace. 

In accordance with the present invention, en- 
closure of the fan and support of the work con- 
tainer is provided by a casing structure essen- 
tially comprising an apertured plate forming the 
upper wall of a fan housing and from which 
downwardly extend a plurality of vanes whose 
lower edges rest upon the furnace base, thus to 
form fan discharge outlets or ducts opening in- 
to the heating space of the furnace. Further 
and more specifically in accordance with the 
invention, a peripherally continuous sealing 
skirt extends upwardly from the apertured plate 
with its upper portion forming a supporting ring 
or flange for the bottom of the work basket or 
tray. More particularly, a removable screen 
passed by the sealing skirt overlies the fan inlet 
opening or openings in the apertured plate and 
is preferably positioned by bracing ribs of the 
sealing skirt. 

Purther in accordance with the invention, the 
fan outlet vanes extend beyond the sealing skirt 
with the upper edges of the vane extensions re- 
spectively joined to projecting areas of the ap- 
ertured plate. 

Further in accordance with the invention, the 
fan housing is provided with members extending 
upwardly from it to center the work container 
supported thereon with respect to the sealing 
skirt and fan inlet; more specifically, the lower 
and vertical portions of the center members re- 
spectively merge with the apertured plate and 
with the sealing skirt to impart additional 
strength and rigidity to the entire unit. 

The invention further resides in novel and use- 
ful features of construction, combination and 
arrangement. 

For a more detailed understanding of the in- 
vention and for illustration of the embodiments 
thereof, reference is made to the accompanying 
crawings, in which: 

Fig. 1 is a side elevational view, in section, of 
one type of furnace utilizing the new fan hous- 
ing and work support unit; 
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2 

(Fis 2s a bottom view ofthe fon housing uni 
of 1; 

Fig. 3 is a top plan view, on enlarged scale, of 
the fan housing structure of Pig. a 

Fig. 4 is an elevational view, partly in section, 
of the housing shown in Fig. 3 

Fig. 5 is a perspective view of the fan housing 
of Figs. 2-4; 

Figs. 6A and 6B are explanatory figures re- 
ferred to in discussion of @ furnace embodying 
the new fan housing; and 

Fig. 7 is a pereccnwt view, partly broken 
away, of another type of furnace utilizing the 
housing structure of Figs. 1-5. 

In Fig. 1 there is shown a heat-treating fur- 
nace 10 of type generally shown in United States 
Letters Patent including 2,176,473; 2,168,028; 
2,161,162; 2,032,209; 1,999,757; 1,926,234; 1,949,- 
716; 1,940,948; and 1,721,840. In brief, the work 
to be treated is disposed in a work continer {f 
whose upper and lower ends are open and whose 
sidewalls are imperforate. The grid {2 in the 
bottom of the work basket, tray or equivalent 
container {{! provides support for the work pieces 
and yet permits free passage of the furnace at- 
mosphere. As later more fully discussed, the 
work container rests upon and is supported by a 
fan housing structure 13 disposed in the the bottom 
of the heat-treating chamber 14 defined by the 
base member (5, the retort: (6, or equivalent in- 
ternal wall structure of the furnace, and the 
removable cover member {7 which serves as a 
removable closure for the top of the heat-treat- 
ing chamber 14. 

The cover {7 is provided with a downwardly 
directed flange which is received by the channel 
18 at the upper end of retort 16 and filled with 
sand or other sealing material 


The furnace may be gaé-fired or electrically 
heated as shown by aforesaid patents; in the 
particular furnace shown in Fig. 1, the furnace 
atmosphere and work are raised to treating tem- 
perature by the electrical heater elements 18 
suitably supported by the wall structure 28 of 
the furnace which like base member {6 is of 
heat-insulating brick and refractory. To mini- 
mize heat losses, the cover of the furnace is 
similarly provided with an outer layer 21 of heat- 
insulting brick or equivalent. 

In the preferred shown in Fig. 1, 


arrangement 
the furnace retort 16 has a closed bottom and 
is supported by the ring or flange provided by 
the extension of the bottom plate 22 of the fur- 








2,686,665 
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' mace beyond the side wall structure 28. In this 
respect the construction differs from that of 
aforesaid patents in which the retort has an open 
Se en ee ee en ee 


For forcible circulation of the furnace atmos- 
phere within the treating chamber {4 so defined, 
there is provided a fan 23 supported below the 
open bottom of the work container {1! by attach- 
ment to the upper end of a motor shaft 24 which 
extends through the base 15. Escape of furnace 
gas along shaft 24 is precluded by a suitable 
sealing gland. The shaft 24 is driven by motor 
25 suitably suspended as by bolts 26 from the 
underface of the furnace base member {5 which 
in the embodiment of Fig. 1 is within the retort 
so that the base 15, motor 25, fan 23 and the 
combined fan-housing and container support {3 
are insertable into and removable from the fur- 
nace as a unit with the retort. 

As shown more clearly in Figs. 2-5, the hous- 
ing {3 for the fan 23 comprises a plate 27 which 
forms the upper wall of the fan housing. This 
plate is provided with a central opening 28 of 
diameter suitably less than the diameter of the 
fan 23 or otherwise suitably apertured to pro- 
vide a fan inlet. From the underface of plate 
27 there downwardly extends a plurality of vanes 
29 whose lower edges are free to engage and 
rest upon the upper face of the base member 15 
of the furnace, as shown in Fig. 1. The inner 
edges 31 of the vanes 29 define a circle of di- 
ameter slightly greater than the fan circle, and 
the outer edges 32 of the vanes define a circle ap- 
proximately circumscribed by the retort (6. 
Thus, when the housing {3 is in place, the vanes 
29 in coaction with plate 27 of the housing and 
base {5 of the furnace form fan outlets dis- 
charging into the gas-heating space between the 
retort {6 and the work container {{!. Prefera- 
bly and as shown, the fan 23 is of the centrifu- 
gal type and the vanes 28 extending substantial- 
ly tangent to the fan circle are of spiral or vol- 
ute form. 

As shown most clearly in Figs. 2-5, the vanes 
29 project beyond the main circular area of the 
plate 27 but are respectively joined to that area 


nular area of the plate 27 there upwardly ex- 


owe 


— 
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The f 
erably cast as a unitary structure although it 
may be fabricated from components welded to- 


not only is of advantage in construction and 
maintenance of the furnace, but also is of opera- 


is more rapidly attained. Referring to Pig. 6A, 
the curve A represents the temperature of work 
at zone #6 of the work basket, the coolest zone 
during initial heating, and curve B represents 
the temperature of work in zone #1, the hottest 


For example, with fan housing !3, the work in 





(Pig. 1) for admission of the treating gas or 
source thereof. A sight gauge 43 may be pro- 
vided when liquid is fed in drops into the fur- 
nace for vaporization and liberation of active 
3 agents. An exhaust pipe 44 is provided 


: 
: 


a 
B 
& 


g 
B 


45 


member to form the upper wall of 
ing and apertured within the fan diameter, and 
@ plurality of vanes attached 


B 


2. An arrangement as in claim 1 in which the 
outer vertical edges of: the vanes of said unitary 
closely 


ing skirt and upwardly of the plate member, the 
inner ends of said ribs terminating short of the 
aperture through said plate member, 
Which a screen passed 

sealing skirt member is positioned by said 
of the bracing ribs to overlie the 
through the plate member. 


References Cited in the file of this patent 
UNITED STATES PATENTS 


Number Name 
126,639 Leffel ___......... May 14, 1872 
1,870,551 TROWH, ph ceceseccn Aug. 9, 1 
1,976,557 Haskell ........... Oct. 9, 
2,168,028 Harsch -_.......... Aug. 1, 1939 
2,245,647 Burby -......-.... June 17, 1941 
2,249,411 Woodson ~-..... -__ July 15, 1941 
2,463,222 Vaughan :....______ Mar. 1, 1949 
FOREIGN PATENTS 
Number Country Date 
673,878 Mar. 30, 1939 

















CLL LLL LL LLL LLL LLL LLLLLILLLLLLLLLLLLLLLLL LY LLL LL lille a4 


sss oe By 


2 Sheets-Sheet 2 


NESS ———— 
‘nna AA Snes OUR SNE RI 


i 


SS 
ns Se 


Qa 
~! 
8 
li 
© & 
Res 
* & 
5+ & 
au 
-_ 


Filed May 26, 1925 


Oct. 18, 1927. 


OM 
er ee 












1,646,058 
Oct. 18, 1927. F.A.J. FITZ GERALD 


“ ELECTRIC FURNACE 


Filed May 26, 1925 , 2 Sheets-Sheet 2 
lan 








! 


fees, 
$060, es 
2, 
4, 


4. 
berrriss 

















Patented Oct. 18, 1927. 
UNITED STATES 


1,646,058 
PATENT OFFICE. 


FRANCIS A. J. FITZ GERALD, OF NIAGARA FALLS, NEW YORE, ASSIGNOR TO HARPER 
ELECTRIC FURNACE CORPORATION, A CORPORATION OF NEW YORE. 


ELECTRIC FURNACE 
Application filed May 26, 1925. Serial Wo. 32,879. 


This invention relates to electric furnaces 
of the resistance which may be used 
for heat tre. su ces and bodies of 
different a and 7 ae a pers of 
ways, such as: curing, an 
ceramic bodies ; mares tings fart pering, weld- 
ing and fusing metals; and cremating, fir- 
ing and burni materials and bodies. 

Among the objects of my invention is to 


provide an improved electric furnace which exten 


shall be simple and economical in construc- 
tion, durable in use, ant which may be 
easily and efficiently operated 

In oe preferred em ent of my inven- 


oan, 4 A proms an electrically heated fur- 


the resistors are contained 
within a closed heat chamber that may be 
kept filled pcg thi ~My -reg i 
such kind or quality as will render the 
resistors immune to, or protected: from, 
oe such as may be —_ a 
oxygen of the air or gases arising e 
material being treated. The material . or 
articles to be treated are contained in a 
chamber adjacent to the heat chamber but 
separated therefrom. by a septum formed of 
material which is highly receptive, conduc- 
tive and emissive of heat but is su tially 
pac nancping Se a the presence Ot Seer 
Oxy; at high temperatures, e ma 
fo ae the septum or division between the 
heat chamber and the chamber containing 
the material treated forms one of the impor- 
tant features of my invention. I prefer- 
ably form the septum of carborundum, and 
aia ok a form of carborundum which 
ill describe in detail hereafter. In the 
referred form of my invention, I also line 
Be walle of the heat chamber with this 
material so as to provide a path along which 
radiant heat received L By the walls of the 
conducted to the 


2 is a secti broken away 
“ie eaoe eee ; 





Fig. 1 and showing sorta: further details 
a 4 = a 
ig. 41s a tic view hh . 

ferred arrangement and disposal of - 

ae ail aon t or cements 
erring to drawing, the heat-produ 

element 5 is feateeabie the sovcalinl one 
tized carbon resistor formed By cat 
ting a series of blind-staggered slots 6 
ding transversely of the block or slab. 
Graphitized carbon is a readily pect saw: 
commercial] commodity in regular secti 
up to 4 x 10 in of from 4 to 6 ft. in length 

or purposes it is preferable to 
machine or saw the sides at an angle as 
shown at 7 in Fig. 3 so as to give a greater 
radiating surface to the lower face 8 of the 
resistor 5. a ee 
means of car 
shown in Figs. 1, 2 and 3 pro actate duet 
the wall of the furnace. e connection 
between the terminals and resistor may be 
formed by a slip joint. ' If desired to secure 
adequate electrical connection with the ter- 
minals, such Joint may be formed to provide 
. wé fit, = such dered graphite of ear 

y pa wi We phite or car- 
bonaceous “ material, not Shown, In this 


manner, the pe aan een 
the oar par pen eg en a resistor 
is desired of than can readily 


be produced as a anal, it is quite feasi- 
ble e join two or bey a su Naeger 

er, end to end, as capping their 
i vere ds the furnaces 


contiguous en within ; or, if 
desired, terminal or ma 
be extended through the furnace walls an 
ey led as shown in ee 
e furnace wall beige is indicated 
dotted line se thee twee 4. When in 


The resistor elite Hausen Dw tome 
rlstivly mamive roofdabe, othe, 1 


of the . 


110 





side-slabs 18, 19 and floor plates 20, all being 
supported by another series of carborundum 
uprights 21 and foot-blocks 22, leaving an 
interposed gap E connecting with an en- 
larged runway F, to receive a car, or series 
of cars, ee 24 and cm pomp hs wheels 
26, and whose upper plates, or platforms, as 
28 Figure 3, are also formed of carborun- 
dum. The said floor plates 20, constitute 
a heat-transferring septum from the resis- 
tor chamber, D, to the underlying conduit 
chamber H. Paralleling the outer 

of the chamber walls are wall gaps filled 
with carborundum sand, 29. The outer roof 
may be suitably formed to receive pulver- 
| non-heat-conductive refractory mate- 
rial and the entire furnace may then be fur- 
ther enveloped with material most effective 
to resist the outward flow of low-tempera- 
ture heat, as indicated by the broken con- 
tour line 30. | 

It will now doubtless be apparent that the 
path of least resistance for the flow of heat 
units from the lower surface of the resistor 
will be, as see arrows a, to and thence, by 
conduction, through the septum, from 
whence they proceed, by radiation, as see 
arrows 5, to the car-platforms and whatever 
may be mounted thereon. Concurrently, 
however, and particularly from its sides, re- 
sistor heat will be imparted, as see arrows c, 
to the resistor chamber side walls, it being 
thence most freely conducted downwardly 
into the supporting side walls, and foot 
blocks, escaping by radiation, as see arrows 
d, to the charge and the car platform. Nat- 
urally, a portion of the transferred energy 
is lost through the car-clearance spaces of 
the gap E; but the actual sum of this, rela- 
tive to the whole, is comparatively nominal 
and usually negligible. — 

As the mass of downwardly heat-conduct- 
ing carborundum in the walls of the resistor 
chamber may be many times greater than 
that of the resistor, and as these carborun- 
dum walls conduct the heat from the re- 
sistor with a comparatively small drop in 
temperature, and as this greater mass of 
carborundum serves as a heat reservoir, 
therefore fluctuations of temperature direct- 
ly in and at the resistor itself are dimin- 
ished. The transfer of heat units is rapid 
and efficient notwithstanding the interposed 
septum, in that the septum is a good conduc- 
tor of heat and sufficient difference in tem- 

between the resistor and the charge 
1S permissible to obtain such transfer. 

a lining for the heat chamber and the 
chamber containing the material to be treat- 
ed, I employ rundum, preiereliz a 
form of carborundum which I prepare in 
the following manner. The carborundum 
in the form of grains or powder, as supplied 
_ commercially, is mixed with a temporary 

binder such as flour paste or the like, and is 
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then molded into the desired forms. The 
articles thus formed are then heated in an 
electric furnace to the temperature at which 
a ae is formed, bet ie result that 

ization occurs and a dense, mono- 
lithic mass is obtained. The blocks, slabs 
or tiles so formed are then placed in the fur- 
nace structure in position to form the linings 
of the chambers and the septum between the 
chambers and the furnace may then be heat- 
ed in the usual manner so as to cause further 
recrystallization o f the carborundum, thus 
causing adjacent blocks to coalesce, and the 
septum and chambers are anieme 
formed devoid of joints. I have indica 
the union of the joints by coalescence by 
wavy lines 31 and 32 in Fig. 3. 

At the high temperature at which the fur- 
nace operates, oxygen must be excluded 
from the chamber containing the resistor, or 
such chamber must contain a gaseous me- 
dium which will itself react with and wholly 
convert any oxygen which might otherwise 
reach the resistor and its juncture with the 
terminals. The inert gas may be introduced 
into the resistor chamber by means of a re- 
fractory tube 33, Fig. 3, and held under a 


head or pressure above that of atmosphere. | 


In certain cases it is feasible to employ an 
enveloping atmosphere of volatilized zinc, 
that is, zinc gas or zinc fume. The suppl 
of this material can readily be maint 

by an occasional introduction into the cham- 
ber D of molten zinc. In addition to its 
functioning as an inert gas, zinc gas func- 


tions as an absorbing agent by being con-— 


verted by any oxygen present to zinc oxide, 
which eventually fills all crevices and pre- 
vents escape of the metal. Due to this self- 
sealing property, a nominal renewal only of 
the zinc is required to maintain a sufficient 
quantity in the heat chamber, such renewal 
being merely such as to supply that lost b 

ventage-escape to avoid an excessive devel- 
opment of pressure within the chamber. A 
further advantage of the use of zinc gas is 
that it forms an effective heat-convective 


agent. 

Lower tubes 34, Figures 1 and 3, leadi 
to the conduit chamber, may serve a d 
penposes to permit the escape, or the with- 

rawal by suction, of air, gases and/or va- 
pors; also to introduce gases and/or vapors, 
as for the purpose of producing reducing 


mer ie mt 
A Pane lity, Ot ESS, $8 Shae, 25 of Fig- 


ure 1, each abutting upon another, may 

continuously impelled through the furnace 
conduit at such a rate of motion that, to 
illustrate, when car 23 will have reached the 
position occupied by car 25, which is the hot 
zone of the conduit, the charge conveyed by 
that car will then be adequately heat-treated: 
If desired, as in the fusion of non-ferrous 
metals, annealing 


~ 


100 


iron, or heating. steel for 130 





¥ 


sustainin 
6 ing said chambers. 


1,646,058 i 8g 


hardening and tempering, the terminal ends 
of the pore chamber Z be re’? and 
battened tightly, as at igure Again, 
as in the case of ceramics, a dual furnace can 
readily be constructed, each unit standing 
side by side, whereby the ch cars can 
readily be switched at the terminals, circu- 
lating through’ the chamber conduits with 
but a nominal heat loss from the cars them- 
selves. . 

I find that the life of resistor or resistors, 
when operated according to the conditions 
above set forth, is aca interminable. 
Nevertheless, should a fracture occur, as 
from accident or a very slow but progressive 
oxidation sufficient to eventually cause it to 
“sag” and pull apart, it will be perceived, by 
reference to Figures 1 and 3, that the upper 
or roof portion of the furnace can ily be 
broken away, permitting a substitution of 
resistors even when the. internal chamber- 
temperature is quite high. 

Temperatures in this furnace can be read- 
ily controled, for indefinite time periods, 


5 within plus and minus tolerances of, say, 5° 


to 10° C.; but this condition is largely de- 
pendent upon pyrometry. 

In certain cases, various modifications of 
the structure and method of operation above 
described may be made. Thus, in certain 
cases a carbon or graphitized n resistor. 
even when of the zigzag form, will function 
satisfactorily if the space within its contain- 
ing chamber is filled with’ carborundum, or 
with granular carbon or pulverized graphite. 


Again. the slab formed of angular cross sec- 


tion of zigzag resistor need not necessarily 
be adhered to in that it may be cylindrical 
in transverse section, bei in a car- 


borundum tube or otherwise formed. 

It has been found that the graphite re- 
sistor can be greatly improved in its physical 
properties by undergoing heat treating proc- 
ess. is can be carried out by ing cur- 
rent of electricity through the resistor whi-e 
it is protected from oxidation so as to heat 
it to a temperature at least as high or con- 
siderably higher than that at which it will 
be used in actual practice. When this is 
done it is found that the resistor is much 
tougher and more resilient than it was orig- 
inally and consequently far less like-y to 
broken by sudden changes in tem u 
or by external mechanical forces which 
wou:d tend to’break it. > 

I claim: 

1. In an electric furnace, a heat 


chamber 
having a lining comprising coalescing blocks port 


of carborundum. 


2. In an electric furnace, a chamber, a re-. 


sistor im said chamber, a chamber adjacent 
to said first-named chamber and adapted to 
contain material to be heated, and a se.f- 

ining carborundum partition separat- 


3. An electric furnace formed with an in- 
terior space, a  self-sustaini 
carborundum dividing said space into upper 
and lower chambers, a resistor in the upper 
of said chambers and the lower of said 
chambers being adapted to contain material 
to be heated. : 

4. An electric furnace having waz-ls 
formed of heat-insulating material with an 
interior lining of carborundum and formed 
to provide a space within said furnace, a 
septum of carborundum dividing said space 
into a heat chamber and a chamber adapted 
to contain material to be heated. 

5. An electric furnace having wal’s 
formed of heat-insulating material with an 
interior lining of carborundum and formed 
to provide s space within said furnace, a 
septum of carborundum dividing said space 
into a heat chamber and a chamber adapted 
to contain material to be heated, said lining 
and septum comprising coa‘escing blocks of 
carborundum. : 

6. An electric furnace having walls 
formed of heat-insulating material with an 
interior lining of carborundum and formed 
to provide a space within said furnace, a 
septum of carborundum dividing said 3 
into a heat chamber and a chamber ada 
to contain material to be heated, a resistor 
in said heat chamber and electric terminals 
extending through said walls for formin 
electrical connections with said resistor an 
Bap onting said resistor between said termi- 


8. 7 

7. An electric furnace having walis 
formed of heat-insulating material with an 
interior lining of carborundum and formed 
to provide a space within said furnace, a 
septum of carborundum dividing said space 
into a heat chamber and a chamber adapted 


septum of ~ 


5 


to contain material to be heated, said lining | 


and septum comprising blocks of carborun- 
dum coalescing at their junctures to form a 
monolithic structure, a resistor in said heat 
chamber and electric terminals extendi 
through said walls for forming electri 
connections with said resistor and for sup 
porting said resistor between said terninala 
8. An electric furriace having walls formed 
of heat-insulating material with an inte- 
rior lining of rundum and formed to 
provide a s within said guruace, @ sep- 
tum of rundum dividing said space 
into a heat chamber and a chamber adapted 


hite resistor in said heat 
Sonked free of the walls thereof. a 
9. An electric furnace having walls formed 
of heat-insulating material with an inte- 
rior lining of carborundum and formed to 


to contain material to be heated, and a - 
chamber . 


provide ‘a space within said furnace, a sep- — 


tum.of carborundum dividing said space 


into a heat chamber and a chamber adapted 


to contain material to be heated, said lining :!2° 
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& 
and septum com blocks of 
um, and a graphite resistor in said 
eed suppo free of the walls 
reof. 


10. An electric furnace having a resistor 
chamber and a heat-treating chamber, com- 
mon side and separating walls of said cham- 
‘ene comprising form-maintaining material 


mri In an electric furnace, a resistor cham- 
ber and a heat-treating chamber having 


12: The method of forming « lining for 
the walls of a furnace whi 


‘blocks and subjecting said 


lining of sai 
sufficient to coalesce 
junctures. 


FRANCIS A. J. FITZ GERALD. 
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My invention relates to heating apparatus, 
as furnaces, and more particularly to elec-_ 
trically heated furnaces utilizable for various 
pu and particularly for heat treatment 

5 of steel and kindred materials, as, for exam- 
ple, for drawing or tempering steel or the like. 
In accordance with my invention, to render 
more uniform the temperature D t 
the heating chamber, and more parti ly 
10 throughout the contents thereof treated there- 
in, circulation, and particularly -forced cir- 
culation, in either direction, of the air or gas, 
more particularly within the furnace is ef- 
fected in a path or circuit including a work- 
15 containing ber, and an air heating 
chamber, more particularly an outer chamber 
of said furnace, preferably containing the 
source of heat, and suitable pene effect- 
ing communication between the chambers. 
20 . My invention resides in apparatus of the 
character hereinafter described and claimed. 
For an illustration of some of the various 
forms my invention may take, reference is to 
be had to the accompanying drawings, in 
25 which: ee aoe ; 
Fig. 1 is a vertical sectional view, y in 
elevation, of an electric furnace embodying 
my invention. . . 
ig. 2 is a horizontal sectional view, partly 
30 in plan, on the line 2—2 of Fig. 1. 
Fig. 3 is a vertical sectional view of a mod- 
ified form of furnace. ; 
Referring to Figs. 1 and 2, there is shown 
a furnace or heattreating apparatus F, 
35 adapted for forced circulation, comprising 
the metal jacket or housing 1, which may be 
cylindrical, secured at its lower end to the 
bottom member 2, carried by a frame hav- 
ing the legs 3. Disposed within and spac 
40 from the jacket 1 is the shell or inner 
4, whose bottom 5 is spaced from the bottom 
2 by the blocks 6, through which extend the 
bolts 7 which sere the member 5 and — 
the vertically extending supporting mem 
45 8 to the bottom 2. Between the shells 1 and 
4, and between the bottoms 2 and 5, is dis- 
posed any suitable filling 9, of refractory ma- 
terial of preferably low heat conductivity. 
The upper end of the lining 4 is secured to 
50 the annular member 10, surrounded by the 
ring 11 of refractory material, which in turn 
is surrounded by the brick ring 12, upon 
which latter rests the top annular casting 13, 


“which is pivot 
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te which is carried the support 14, to 
which there is pivoted at 15 the arm 16, to 
ber 18, which ma: viceraied or pied 
r 18, w may : I 
downwardly upon the lever 19, iroled at 20 
and engaging the arm 16 to the left of its 
pivot 15. 

In so far as concerns some of the features 
of my invention, heat may be developed with- 
in the furnace by any suitable method, as by 
combustion of gas or oil. In the example il- 
lustrated, however, and as other as- 65 
pects of my invention, the heat is generated 
electrically by p of current through 
the resistances or resistors 21 and 22 of any 
suitable type or character, either embedded in 
refractory material, or, as illustrated, dis- 

in the — within the furnace cham- 

r adjacent the inner lining 4. As indi- 
cated, in Fig. 2, there are two sets of resist- 
ances, each comprising a plurality of par- 
allel connected resistors or resistance con- 
ductors extending vertically adjacent and 
insulated from the lining 4. Connections are 
made to the resistors through conductors hav- 
Ing terminals in the terminal boxes 23 and 
24. Inthe example illustrated, the resistance 
elements 21 and 22 are exposed to direct con- 
tact therewith of the air or other gas within 
the furnace chamber. - 

Between the upper and lower rings 25 and 
26 and the standards or members 8 is secured 
the shell or basket support 27, of sheet metal, 
preferably circumferentially and vertically 


continuous or substantially uninterrupted by 
perforations or openi 


3, to exclude radiant 
heat from the interior of the shell 27. 

The removable basket or container for the 
material to be heated comprises the closed 
shell 28 secured at its upper end to the ring 
29, having the eyes 29° for reception of crane 
hooks, and having the outwardly extending 

30 resting upon the upper end of the 
shell 27 and members 8. At its lower end the 


shell 28 is secured to the spider 31. 
Disposed below the backet and its spider 

31 and forming a bottom for the shell 27 is 

the conical or -shaped member 32 se- 

cured upon a8 ring or pieces 33 secured to the 

members 8. : 

Bolted to the bottom 2 is the fan shaft 
ing member 34, in which is di 

shaft 35, upon which is secured P 
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40 


45 
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36 driven through belt 37 by the pulley 38 
secured upon the shaft of the electric motor 
M, for driving the fan or blower 39, disposed 
at the opening 40 at the bottom of the mem- 
ber 32. The bottom 5 of the inner lining 4 

referably deflects upwardly, as at 41, to 

‘orm a passage leading to the lower side of 
the fan 39. . 

In the modification illustrated in Fig. 3, the 
removable lid or cover 18* carries the bear- 
ing 34 for the fan shaft 35 driven by belt 
37 through pulley 36. At its lower end the 
shaft 35 carries the propeller or fan 39, adja- 
cent and above which is di the down- 
wardly extending air-guiding surface 41°, 
and beneath the fan is disposed the conical 
or funnel-shaped member 32* carried by the 
upper ring 29 of the basket or! work con- 
tainer 28. The opening 40* of the member 
32° is disposed adjacent the fan 39. 

In both forms of my apparatus above de- 
scribed, there is effected forced circulation 
by the fan or propeller 39 through a path or 
in a circuit comprising the space between the 
outer and inner chamber walls 4 and 27, the 
inner chamber, particularly the work holder 
or container 28, and the upper and lower 
passages effecting communication between the 
outer spaces and the inner chamber. This 
circulation may be in either direction, as may 
be desired. , 

The work or material to be heated is placed 
within the basket 28, resting upon the lower 
grating or spider 31. The work may be a 
single piece, or a plurality of pieces either 


carefully or symmetrically piled within the 
basket or placed therein irregularly. For 
example, the contents of the basket may be 


a plurality of gears of steel or alloy steel to 
receive heat treatment of any suitable char- 
acter, for example, for drawing or temper- 
ing, although it will be understood that my 
invention embraces heat treatment of other 
objects, and of other metals, or their alloys. 
ith the furnace cold, it is brought rap- 
idly to the desired temperature, as, for exam- 
ple, a temperature of a predetermined mag- 
nitude at which the chamber is to be main- 
tained, by passing current through the sets 
of resistors 21 and 22 in parallel. The de- 
sired temperature depends upon the treat- 
ment to be effected and characteristics of the 
material or objects to be treated; it is well 
known that for annealing or hardening the 
temperatures are from approximately 1300 
degrees F. to about 1700 degrees F. while for 
tempering, the temperature is, in general, 
lower and may be from about 300 d F. 
to 1200 degrees F-., more or less. During this 


preliminary stage of heating the fan 39 is . 


driven by the motor M at suitable speed, 
effecting circulation of the hot gases or air 
downwardly, Fig. 1, between the shells 4 and 
27, past the resistors 21 and 22, thence be- 
tween the members 32 and 41 to the under 


_that the work or material is more unifo 
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side of the fan 39, which forces the air or 
upwardly through the member 32, spi- 
er 31, through the basket or shell 28, up- 
ey through and between the gears or 
er 
over the edge of the et and thence down- 
wardly again between the shells 4 and 27. 
This circulation of the heated air or gas 
serves to maintain the temperature rise more 
uniform throughout the basket and its con- 
tents and serves also to expedite the rise in 
temperature of the furnace. After the fur- 
nace has attained desired temperature, as 
may be determined by the thermocouple T, 
connected in suitable circuit by conductors 72 
and 73, or has approximated such desired 
pnipecstone, the rate of heat application may 
be diminished, as by utilizing only a suitable 
part of either or both of the resistors 21 and 
22, or Hy Sonlieene them in series with each 
other.- The control of the temperature of the 
furnace may be automatically effected by any 
suitable apparatus controlled by the thermo- 
couple T, or equivalent temperature-respon- 
Sive device. 

By so circulating the air or gases within 
the furnace, greater uniformity of tempera- 
ture of the work or contents of! the basket 
28 is obtained, with resultant advan 
y 
heat-treated, yielding products more uniform 
in their characteristics as affected by the heat 
treatment. 

The desired uniformity of temperature of 
the contents of the basket is the more readily 
obtainable from the fact that the basket 28 
or the shell 27, or both, intercept the radiant 
heat which would otherwise be absorbed by 
those parts of the contents lying adjacent the 
wall or shell 28, causing them locally to at- 
tain a temperature higher than is due to the 
heatin ects of convection or conduction 
of or from the hot air or a . In other 
words, it is preferred that the heating shall 
be effected substantially exclusively by con- 
vection or conduction and that heating effects 
due to radiant heat should be minimized. 

A furnace of the character herein de- 
scribed is utilizable for various methods of 
heat treatment, including that described in 
Letters Patent to Wrghton No. 1,188,128, in 
which: case the thermocouple T may be uti- 
lized to control a recorder or equivalent for 
drawing a curve in the nature of a time-tem- 

rature curve for ing observable by in- 

ections of the curve the time when the work 
passes through a decalescence stage; and that 
of my mpm e application Serial No. 
65,715, filed October 30, 1925, of which this 
application is a division. ; 

The direction of circulation of the air or 
eae ee he teeta ee] Deneve oom 
time to time or periodically, as by reversing 
the direction of rotation of the fan or blower 
89, as -described and claimed in application 


ieces therein, and thence outwardly 7 
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Serial No. 10,486, filled by John W. Harsch 
on February 20, 1925. 

A further feature relates to the heat ca- 
pacity of the heater or heating element, par- 
ticularly the resistors or resistance elements 
21 and 22. The source of heater or heating 
elements 21 and 22 preferably shall have low 
heat capacity, or small capacity for storing 
heat, in the sense that they are directly or 
substantially directly exposed to the air or 
gas within the furnace, or, if embedded, the 
mass shall be small enough to store only rel- 
atively small amount of heat; or shall have 
a heat capacity which is low as compared 
with the heat capacity of the material or 
work to be heat-treated. This low heat ca- 
pacity of the resistance elements 21 and 22, 
or equivalent, is desirable from the stand- 
point of ability rapidly to change in temper- 
ature, thereby contributing, with the circu- 
lation of the air, to reduction or elimination 
of over-shooting of temperature either when 
bringing the heating chamber up to desired 
or control ap ae or during control of 
temperature’ after the heatin chamber has 
been so brought up to or near the desired tem- 
perature. . 

It has heretofore been proposed, as in dry- 
ing systems and in systems for annealing 
metal, to impart heat to and absorb heat from 
forcibly circulated air in zones comprised in 
a system characterized by the fact that of 


the total length of the path of the circulated 


air the sum of the lengths of the paths in 
the aforesaid zones is a small fraction, occa- 
sioned by the relatively great length of air 
conduit comprised in the circulatory system 
and essential to operative intercommunica- 
tion of the zones. From such systems mine 
materially differs in that the length of the 
circulatory path outside of the heating and 
treating zones is relatively short, communi- 
cation between the zones is substantially im- 
mediate or direct, and of the entire length of 
the circulatory path the sum of the lengths 
of the zones is a large or major fraction, 
thereby procuring the practical advantages 
of reduction of power consumption for forci- 
bly circulating the air, of economy in fuel 
or power expended in the generation of heat, 
of lower cost of installation and maintenance, 
and of smaller space required to accommodate 
the system. Because of the relatively great 
length of the path of the circulating air in 
the aforesaid pro external to 
their air-heating and heat-absorbing zones, 
greater power is required for forcing the cir- 
culation of the air, and more fuel or power 
must be consumed in the production of the 
eventually essential heat because of relatively 
high losses by conduction and radiation. 

For brevity in the appended claims, the 
term “air” is employed generically to include 
air, gas and vapor within the furnace or heat- 
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What I claim is: : 

1. A furnace comprising a heating cham- 
ber, a container disposed within said cham- 
ber and spaced from the wall thereof for hold- 
ing the material to be heated, a source of heat 
disposed in the space between said container 
and said wall of said heating chamber, and an 
air propeller within the furnace disposed ad- 
jacent a ends of said container and 
heating chamber for circulating air through 
said container and the space between sajd con- 
tainer and said wall of said chamber. 

2. A furnace comprising a heating cham- 
ber, a container disposed within said chamber 
and spaced from the wall thereof for holding 
the material to be heated, a source of heat dis- 
posed in the space between said container and 
said wall of said heating chamber, an air pro- 
peller within the furnace disposed adjacent 
neighborhood ends of said container and 
heating chamber for circulating air through 
said container and the space between said con- 
tainer and said wall of said chamber, and a 
member surrounding said container between 
the container and the wall of said chamber 
for shielding the work in said container from 
radiant heat from said source. 

3. A furnace comprising a heating cham- 
ber, 2 container for the material to be heated 
disposed within said chamber and having its 
side walls spaced from the side walls of said 
heating chamber, an electric resistor of low 
heat capacity disposed in said space between 
the side walls of the container and said heat- 


ing chamber, and a propeller within the fur-. 


nace disposed adjacent the neighboring ends 
of said container and heating chamber for 
circulating air through said container and 
through the space between the side walls of 
said container and said heating chamber. 

4. A furnace comprising a heating cham- 
ber, a container for the material to be heated 
disposed within said chamber and having its 
side walls spaced from the side walls of said 
heating chamber, an electric resistor of low 
heat capacity disposed in said space between 
the side walls of the container and said heat- 
ing chamber, a propeller within the furnace 
disposed adjacent the neighboring ends of 
said container and heating chamber for cir- 
culating air through said container and 
through the space between the side walls of 
said container and said heating chamber, and 
a member surrounding said container and dis- 
posed between it and said resistor for inter- 
cepting radiant heat from said resistor. 

5. A furnace comprising a heating cham- 
ber having a bottom and a cover, a container 
for the material to be heated disposed in said 
chamber with its side walls spaced from the 
side walls of said heating chamber and hav- 
ing its ends spaced from said bottom and 
cover to form passages ‘communicating with 
the interior of said container and with the 
space between the side walls of said container 
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and the side walls of said heating chamber, 
an Gectric heater disposed in the space be- 
tween. the side walls of said container and 
said heating chamber, and a propeller within 
the furnace disposed adjacent neighboring 
ends of said container and said heating cham- 
ber for circulating air through said container, 
said passages and the space between the side 
me of said container and said heating cham- 

r. | 

6. A furnace comprising a heating cham- 
ber having a bottom and a cover, a container 
for the material to be heated disposed in said 
chamber with its side wall spaced from the 
side wall of said heating chamber and having 
its ends spaced from said bottom and cover 
to form passages communicating with the in- 
terior of said container and with the space 
between the side wall of said container and 
the side wall of said heating chamber, an elec- 
tric heater disposed in the space between the 
side walls of said container and said heating 
chamber, a propeller within said furnace dis- 
posed adjacent neighboring ends of said con- 
tainer and said heating chamber for circulat- 
ing air through said container, said passages 
and the space between the side walls of said 
container and said heating chamber, and a 
member surrounding said container and dis- 
posed between it and said heater for inter- 
cepting radiant heat from said heater. 

¢. A furnace comprising a heating cham- 
ber having a bottom, a removable cover, mem- 
bers disposed within said chamber and spaced 
from the side wall thereof, a removable work 
container resting upon said members and 
having its side wall spaced from said side 
wall of said heating chamber, a heater in 
the space between the side walls of said con- 
tainer and heating chamber, said heating 
chamber having its ends spaced from said 
cover and from said bottom to form circu- 
latory passages between the interior of said 
container and the space between the side 
walls of said container and said heating 
chamber, and a propeller within said furnace 
between adjacent ends of said container and 
said heating chamber for circulating the air 
through said container, said p and 
the space between the side walls of said con- 
tainer and said heating chamber. 

8. A furnace comprising a heating cham- 
ber having a bottom, a removable cover, mem- 
bers disposed within said chamber and spaced 
from the side wall thereof, a removable work 
container resting upon said members and 
having its side wall spaced from ‘said side 
wall of said heating chamber, a heater in the 
space between the side walls of said container 
und heating chamber, said heating chamber 
having its ends spaced from said cover and 
from said bottom to form circulatory pas- 
sages between the interior of said container 
and the space between the side walls of said 
container and said heating chamber, a pro- 
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peller within said furnace between adjacent 
ends of said container and said heating cham- 
ber for circulating air through said container, 
said passages and the space between the side 


walls of suid container and said heating 79 


chamber, and a member surrounding said 
container and carried by said first named 
members in position between said heater and 
said container for intercepting from the lat- 
ter radiant heat from said heater. 

9. A furnace comprising a heating cham- 
ber, a removable container therein for the 
material to be heated and having its side 
wall spaced from the side wall of said heat- 
ine chamber, a heater in the space between 
said side walls, end closures for said heatin 
chamber spaced from opposite ends of sai 
container, a propeller disposed between one 
of said end closures and the adjacent end 
of said container, and air-guiding members 
forming a passage to said propeller between 
the interior of said container and the space 
between the side walls of said container and 
said heating chamber. 

10. A furnace comprising a heating cham- 
ber, a removable container therein for the 
material to be heated and having its side wall 
spaced from the side wall of*said heating 
chamber, a heater in the space between said 


side walls, end closures for said heating 95 


chamber spaced from opposite ends of said 
container, a propeller disposed between one 
of said end closures and the adjacent end of 
said container, air-guiding members forming 
a passage to said propeller between the inte- 
rior of said container and the space between 
the side walls of said container and said heat- 
ing chamber, and a member surrounding said 
container and disposed between it and said 
heater for shielding said container from ra- 
diant heat from said heater. 

11. A furnace comprising a heating cham- 
ber having a bottom and a removable cover, 
members on said bottom extending upwardly 
within said chamber, a removable container 
for the material to be heated, means on the 
upper end of said container resting upon said 
members, an electric heater in the space be- 
tween the side walls of said container and 
said heating chamber, and means forcibly 
circulating air through said space and said 
heating chamber in succession. 

12. comprising a heating cham- 
ber, a source of heat, a shell disposed therein 
and spaced therefrom, a removable container 
in said shell for holding the material to be 
heated, and means for forcibly circulating 
air through said container and the space be- 
tween said shell and said heating chamber. 

13. A furnace comprising a heating cham- 
ber, a source of heat, a shell di therein 
and spaced therefrom, a removable container 


in said shell for holding the material to be 
ing air thro 
tween said 130 


heated, and means for ci 
said container and the space 
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shell and said heating chamber, said shell 
preventing access of radiant heat to the ma- 
terial in said container. 

14. A furnace comprising a heating cham- 
ber, a container therein spaced from the wall 
thereof and adapted to hold material to be 
heated, said container at one end communi- 
cating with the space between it and said 
heating chamber, and an air-circulating mem- 
ber disposed adjacent an opening at the other 
end of said container for circulating air there- 
through and through the space between said 
container and said chamber. ~ 

15. A furnace comprising a heating cham- 
ber, an electric heater disposed upon the wall 
thereof, a shell spaced from said wall, a con- 
tainer in said shell for holding the material 
to be heated,.a member having an opening 
and flaring from said opening toward said 
container, and air-circulating means disposed 
at said opening. 

16. A furnace comprising 2 heating cham- 
ber, an electric heater disposed upon the wall 
thereof, a shell spaced from said wall, a con- 
tainer in said shell for holding the material 
to be heated. a member having an opening 
and flaring from said opening toward said 
container, air-circulating means disposed at 
said opening. and means on the exterior of 
said furnace for driving said air-circulating 
means. 

17. A furnace comprising a heating cham- 
ber, a work container therein having its walls 
spaced from the walls of said chamber, an 
electric heater having heat capacity low as 
compared with the heat capacity of the work 
heated within said container, said heater dis- 
posed in the space between the side walls of 
said heating chamber and said container, and 
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means adjacent neighboring ends of said con-. 
tainer and said heating chamber for forcing 

circulation of air through said container and 

the space between said container and the wall 

of said heating chamber. 

18. A furnace comprising a heating cham- 
ber, heating elements disposed therein, & 
work-containing structure having side walls 
of sheet-like material disposed within said 
chamber, means for effecting circulation of 
air or equivalent from said heating chamber 
chrough said container and work to affect the 
temperature thereof, and a second structure 
having sheet-like walls interposed between 
suid heating elements and work container 
forming an air space between said struciures 
whereby radiant heat from said elements is 
effectively precluded to ‘a substantial degree 
from affecting the temperature of the work 
adjacent the walls of the container. 

19. A heat-treating furnace comprising a 
metul-heating chamber, an air-heating cham- 
ber, said chambers being in substantially di- 
rect or immediate communication at sepa- 
rated regions, and means forcibly circulating 
air through said chambers in succession. 

20, A heat-treating furnace comprising a 
metal-heating chamber, an air-heating cham- 
ber surrounding said metal-heating chamber 
und in substantially direct and immediate 
communication therewith at separated re- 
gions, a source of radiant heat in said air- 
heating chamber, means forcibly circulating 
air through said chambers in succession, and 
means shielding the metal in said metal-heat- 
ing chamber from radiant heat from said 
source. 
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This invention relates to electric furnaces in 
which a radiant heating element is positioned 
within the heating chamber of the furnace, and 
in which.the ware is heated at least in part by 
g direct radiation from the resistor. The invention 
relates both to improvements in the construction 
of such furnaces, and to a method of operation 
wherein intermittently inserted charges can be 


heated much more effectively than has hereto- - 


fore been possible. The present application is a 
continuation in part of our copending applica- 
tions, Serial Numbers 324,418 and 324,419, both 
filed on December 7, 1928. 

In the usual high temperature electric furnaces 
operating at temperatures above 1100° C., it is 
not practicable to use metallic heating elements, 
since the common resistance alloys used for such 
purposes rapidly disintegrate at these high oper- 
ating temperatures. Until comparatively recent- 
ly the only resistor material widely used for such 
applications was carbon or graphite. As is well- 
known, carbon is unstable in air, and when used 
in furnaces which are to be repeatedly opened 


the furnace walls have been constructed of re- 


fractory which is as highly insulating as is con- 
sistent with the temperatures which the mate- 
rial must withstand. It is customary to line the 
heating chamber of such furnaces either with 
fire-clay, which is a poor thermal conductor, or 
with the so-called insulating refractories, in order 
to retain the heat in the chamber and thus in- 
crease the efficiency of the. furnace. 

In the operation of the usual silicon carbide re- 


sistor furnace made in this way, there are a num- 19 


ber of serious disadvantages, in spite of the ad- 
vantages gained by aoe the heating elements 


charge, any heat retained in the furnace under . 
equilibrium conditions is soon extracted. The 
charge must then be heated by radiation from the 


resistor itself. Only a portion of the charge ts o9 


exposed to direct radiation, and if the power is 


@ half inches in thickness and with an inner wall 55 
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temperature of 1300° C., the thermal drop 
through the entire thickness of the silicon car- 
bide is less than 20° C. when a highly insulating 
backing is used, whereas the thermal drop in 
the insulating backing is approximately 1200° C. 
This penetration of heat into the wall of the 
heating chamber for a considerable depth in- 
creases enormously the amount of heat available 
for immediate transfer to a cold charge, and the 
effect is the same as if the charge were com- 
pletely surrounded with a high temperature re- 
sistor. The time of heating for a massive charge 
of metal can be decreased to approximately one 
tenth that when the charge is heated by radia- 
tion from the resistor alone, as is approximately 
the case with a highly insulating refractory lin- 
ing. The heat is applied uniformly to all parts 
of the charge, and particularly to the parts which 
would be shielded from direct radiation in the 
usual furnace. Although the heat losses under 
equilibrium conditions are somewhat increased 
by the introduction of a conducting refractory 
into the wall, we have found by actual measure- 
ment that the heat losses per pound of ware 


25 treated are actually decreased instead of in- 


creased by the highly conducting refractory. 

Some of the outstanding results effected by our 
composite wall structure in combination with 
radiant heating elements located within the 
heating chamber are as follows: 

1. With a typical metal charge, the time of 
heating the charge can be decreased from 90 
minutes to 10 minutes by replacing the insulat- 
ing refractory lining with silicon carbide. 

2. The power input can be approximately 


successive charges without overheating the fur- 
{mace during idle periods or losing the additional 
| heat supplied. The excess heat is retained in 


35 
— and the additional heat transferred to 
fi 
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the furnace by absorption into the lining, and 
is immediately available for transfer to the cold 
charge. Since the amount of material which 
can be heated depends on the amount of useful 
power which can be supplied to the.charge, the 
output per given furnace is greatly increased. 

3. Heat is applied uniformly to all parts of the 
charge, including those parts shielded from di- 
rect radiation from the resistor. 

4. Even when the furnace is not charged in- 
termittently, the temperature of the lining can 
be kept constant over its entire surface to ap- 
proximately 10 degrees centigrade, whereas with 
the usual lining the temperature at various parts 
of the furnace fluctuates over a wide range. 

One of the chief advantages of our furnace is 
\the retention of useful heat during idle periods, 
and the almost immediate transfer of this heat 
to the cold charge when the latter is inserted in 
the furnace. In order to make such a method 
of operation effective, it is desirable to operate 


furnace at a continuously high power input, 


and to proportion the lining so that this excess 
heat will be absorbed into the lining during the 
average idle period without overheating the fur- 


nace. Many of the silicon carbide resistors, 


such as have been used heretofore for heating 
purposes, possess a negative temperature coeffi- 
cient of resistance in the range of temperatures 
in which the usual furnace is operated, and until 
comparatively -recently all silicon carbide re- 
sistors possessed this characteristic. We have 
found that considerable danger. exists in using 
this.type of resistor with the method of opera- 


tion described, since ‘the furnace is operating at 
too high a power input for equilibrium condi- 
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tions. If the idle period happens to be unusugl- 
ly prolonged, the furnace tends to reach equi- 
librium and to become overheated, and owing to 
the decrease in resistance of the heating element, 
the current and hence the power consumption 
increases as the furnace temperature rises. 
With an element having a pronounced negative 
temperature coefficient of resistance, this sud- 
den increase in current will cause serious dam- 
age both to the furnace and to the resistor. We 
have found that this difficulty can be overcome 
with a special type of resistor having a positive 
temperature coefficient of resistance in the op- 
erating range. Recrystallized silicon carbide re- 
sistors such as are known and sold under the 
trade name of “Globar’, and which have a posi- 
tive temperature coefficient of resistance in the 
higher temperature ranges of operation are now 
@ commercial product. With such a resistor the 
idle period of our furnace can be prolonged much 
beyond the normal period without damage to 


the lining becomes heated to the desired max- 
imum temperature, the power input is auto- 
matically decreased. The heating of the highly 
conducting lining by means of a power input 
greater than that necessary to hold the furnace 
at the desired temperature, and decreasing the 
power automatically by means of the tempera- 
ture coefficient of the resistor when this tem- 
perature is reached, affords an ideal method for 
the continuous operation of the furnace for the 
intermittent heating of separate batches of 
material 


The detailed construction of two specific modi- 
fications of our furnace will be evident from the 
accompanying drawing although it will be realized 
that many structural modifications can be made 
in the furnace without departing from the scope 
of our invention. 

In the drawing: 

Figure 1 shows a cross-section of one form of 
our furnace, the section being taken through one 
of the heating elements as indicated by the line 
I—I of Figure 2; 

Figure 2 is a section along the line I—I of 
Figure 1; and 

Figure 3 shows a section similar to Figure 2 of 
an alternative form of our furnace construction 
in which the highly conductive lining is used in 
the lower portion only. 

Referring to the drawing in more detail, a 
number of resistors | extend across the heating 
chamber 2 from side to side, electrical contact 
being made at: each end by means of a water- 
cooled terminal 3 connected to an outside source 
of electricity and held against the ends of the 
resistor by means of suitable springs (not shown). 
The terminals should preferably be made of (or 
tipped at the hot end with) an oxidation resist- 
ant metal, such as chrome iron containing ap- 
proximately 28 per cent chromium, and the con-~ 
tacts between the heating element { and the 
terminals 3 should lie within the wall of the 
furnace just outside of the chamber 2. In order 
to prevent short circuiting of the electric current 
through the brickwork of the furnace, a refractory 
tube 4 having high electrical resistance at ele- 
vated temperatures may be used to surround the 
water-cooled terminal and that portion of the 
resistor which extends into the wall of the heat- 
ing chamber. This tube should be a loose slip 
fit for the terminal 3. 
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The lining 6 of the furnace is made of a re- 
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fractory material having high thermal conduc- 
tivity and high unit heat capacity, as for ex- 
ample, silicon carbide, and is preferably of suffi- 
cient thickness so that its heat capacity will be 
approximately as great or greater than that of 
any charge which will ordinarily be placed in the 
furnace. It is also desirable in securing even 
distribution of heat that the thickness of this 
lining, particularly that part of it adjacent the 
lower part of the heating chamber, shall be from 
approximately one-sixth to approximately one- 
third of the greatest distance from any point on 
the inner surface of the lining to the nearest 
resistor. 

The outer shell 7 of the furnace is made of a 
refractory insulating material having a thermal 
conductivity approximately one-third that of 
fire-clay brick or less. This lining is made of 
sufficient thickness to reduce the heat losses from 
the furnace to as great a degree as may appear 
practical. The outside of the furnace may be 
reinforced with sheet iron or iron stays (not 
shown) which may also support springs used to 
hold the electrical connectors 3 in contact with 
the resistor. The furnaces shown in Figures 1 
and 2 are equipped with a door 8 provided with 
a handle § by which it may be withdrawn from 
its position and rested on shelf /8 on the outside 
of the furnace while a load is being inserted or 
withdrawn. 

In Figure 3 the highly conductive lining 6 is 
shown as being adjacent the lower part of the 
heating chamber only and a load such as an alloy 
steel ingot {1 is shown in place in the furnace. 

In constructions of the type shown in this 
drawing, the resistors which we prefer to use 
are recrystallized silicon carbide resistors made 
from special high purity silicon carbide grain 
prepared and burned substantially in accord- 
ance with United States Patent No. 1,914,939 
of J. A. Boyer and A. J. Thompson, issued June 
20, 1933. Resistors of this type have a very posi- 
tive temperature resistance coefficient from about 
500° C. to 1500° C. 

The lining 6 of the furnace is not only so re- 
fractory that it is not readily damaged but it 
forms a heat reservoir in which a large amount 
of heat can be stored at high temperatures, thus 
preventing the temperature of the inner face of 
the lining from building up to a dangerous point. 
When the temperature of the lining 6 is low, the 
resistor temperature also tends to fall and its 
resistance drops, so that the rate of heat input to 
the lining is relatively more rapid at such times 
and is automatically tapered off by the resistor as 
heat is stored in the lining and as the furnace 
temperature apprcaches the desired maximum. 

In operating our furnaces we prefer to raise the 
temperature of the heating chamber while it is 
still empty to a value in excess of that to which 
it is desired to heat the load which is to be placed 
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retin ioellle conaiing ier nace eatlieadl ok Rams 
nace construction can be best illustrated by de- 
scribing a series of tests made with furnaces 
similar to that shown in Figures 1 and 2, in which 
the furnace dimensions were the same in all 
cases, and in which electrical energy was sup- 
plied at the same rate by silicon carbide resistors 
of the type described. 

The furnaces were constructed with an inner 
refractory lining of thickness equal to one-fifth 
the width of the cubical heating chamber in each 
case, although a thickness of half that used 
would have been ample for mechanical pur- 
poses. The volume of the lining was thus rough- 
ly 1.5 times that of the heating 
the 


nary fire-brick and finally of insulating refrac- 
tory similar to that of the outer backing. 

In each case the furnace was allowed to run 
empty until a temperature of 1350° C. was at- 
tained in the heating chamber, whereupon a 
cold charge of alloy steel sufficient to about half 
fill the chamber was inserted and the door again 
closed while the charge was heated to 1000° C. 

The time required for the temperature to reach 
this value was found to: be approximately ten 
minutes with the silicon carbide lining, com- 

pared with forty minutes: for the fused alumina 
and one hour for the fire-clay lined furnace. In 
the case of the lining of insulating material, 
through which the heat loss was undoubtedly 
considerably reduced, the heating time was 
nevertheless ninety minutes. 

From consideration of the power input to the 
furnace, it is estimated that the heat stored in 
the furnace linings and supplied by them to the 
steel in the various cases was aproximately as 
follows: 


The results presented above showing clearly 
the peculiar advantages of our construction, will 
be more readily understood when the properties 
of the materials involved ‘are presented numeri- 
cally. ‘These properties are as follows: 


therein. During this period a large amount of Density (gms//cc.) . 


heat is stored in the inner lining at high tem- 
peratures and in quickly available form. After 
the desired preheat temperature has been 
reached, the load is inserted in the heating cham- 
ber and heating continued while the load is 
brought to temperature. The cold load not only 
absorbs a large proportion of the heat given off 
by the resistors directly, but also withdraws a 
major fraction of the total heat required to raise 
its temperature to the desired value from the 
furnace lining, so that it attains the desired tem- 
perature very rapidly, as for example, in a period 
of a very few 
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Other refractory materials than those specifi- 
cally listed above can be utilized in the construc- 
tion of our furnace linings provided their physi- 
cal properties lie within the prescribed limits. 
Examples of other suitable refractories are fused 
magnesia, zircon, fused mullite, etc. 

While the furnace of the type described pos- 
sesses Many advantages in connection with the 
rapid heating of intermittent charges, we find 
that it is also advantageous in that it produces a 
much more uniform temperature on the differ- 
ent sides of a load placed in the heating chamber 
even under the most severe conditions which occur 
when both the load and the furnace are heated 
simultaneously from a cold start. In furnaces of 
this type lined with fire-clay in the customary 
manner, the temperature of the face of the lining 
has been found in many cases to vary from point 
to point by considerably over 100° C. It has fur- 
thermore proved practically impossible to secure 
satisfactorily uniform heating of the top and bot- 
tom of thick pieces of ceramic ware, for example, 
in this type of furnace as there is no means of 
conveying heat to the bottom of the ware at a 
rate sufficient to mature it before the top of the 
ware has been seriously overheated. 

With our type of furnace lining, we find that 
this difficulty is greatly reduced, since the radiant 
energy striking the lining 6 is quickly absorbed 
therein and rapidly conducted through the lining 
to the lower face of the load. Due to the higher 
conductivity of the silicon carbide lining (as com- 
pared for example with that of a six inch thick 
ceramic plaque under heat treatment) it is pos- 
sible to deliver heat through the furnace lining 
to the lower face of the plaque just as readily as 
the part of the plaque one inch from the face 
directly exposed to radiation can be heated. We 
find that by the use of a massive lining of the type 
described extending continuously from a point 
where it is subjected to direct radiation from the 
heating elements to that part of the furnace 
which is sheltered from direct radiation by the 
load, it is possible to very greatly improve the 
uniformity of temperature around the load as the 
furnace is brought up to heat and that such a 
furnace is therefore applicable in many cases 
where a similar furnace without the massive 
highly conducting lining would be inapplicable. 

Having thus described our invention and shown 
its application by examples, what we claim is: 

1. In a heat treating furnace, a heating cham- 
ber, silicon carbide resistors within said chamber 
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and adjacent to the top thereof, and a continuous 
massive lining of silicon carbide around the lower 
portion of the heating chamber, the said lining 
being in a fixed position with respect to the re- 
sistors and being exposed to direct radiation from 
the resistors except when shielded by the inser- 
tion of a charge into the furnace. 

2. In a continuously operated electric furnace 
adapted for intermittent charging, a heating 
chamber, a silicon carbide resistor within the 
heating chamber, and a massive lining of highly 
conducting refractory having a thermal con- 
ductivity in excess of .006 cal./cm.3/sec./° C. sur- 
rounding the heating chamber, the volume of 
the said lining being at least equal to the space 
enclosed by the heating chamber, the said lining 
being in a fixed position with respect to the re- 
sistor and being exposed to direct radiation from 
the resistor except when shielded by the insertion 
of a charge into the furnace. 

3. The combination described in claim 2, in 
which the lining of highly conducting refractory 
is composed principally of silicon carbide. 

4. In a continuously operated electric furnace 
adapted for intermittent charging, a heating 

. & Silicon carbide resistor within the 
heating chamber and adjacent one wall thereof, 
and an opposite wall composed of a massive lin- 
ing of silicon carbide refractory backed by a re- 
fractory of poor thermal conductivity in com- 
parison with silicon carbide, the said lining being 
in a fixed position with respect to the resistor and 
being exposed to direct radiation from the re- 
sistor except when shielded by the insertion of a 
charge into the furnace. 

5. In a continuously operated electric furnace 
adapted for intermittent charging, a heating 
chamber, a silicon carbide resistor within the 
heating chamber, the said resistor having a posi- 
tive temperature coefficient of electrical resistance 
at its normal operating temperature, and a mas- 
sive lining of highly conducting refractory hav- 
ing a thermal conductivity in excess of .006 
cal./cm.3/sec./° C. surrounding the said heating 
chamber, the said lining being in a fixed position 
with respect to the resistor and being exposed to 
direct radiation from the resistor except when 
rine by the insertion of a charge into the 

urnace. 
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IN THE DISTRICT COURT OF THE UNITED STATES 
FOR THE DISTRICT OF COLUMBIA 


[Filed November 17, 1953] 


DORIS B. DOW, Trustee, 
2708 Glenwood, Royal Oak, 
Mich., 
Plaintiff | 
Civil Action No. 5317-53 
ROBERT C. WATSON, 
Commissioner of Patents, 


Washington 25, D.C. 


Defendant 


) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 


COMPLAINT 


I 


This action arises under the patent laws of the United States and 
particularly under United States Code, Title 35, Section i. and is 
brought to obtain a United States Letters Patent based on an application 
for Letters Patent filed in the United States Patent Office by John A. 
Dow (now deceased) on May 6, 1947, Serial No. 746, 277, for "Heat 
Treating Furnace and Method." 
qn { 

Plaintiff, Doris B. Dow, widow of said John A. Dow, deceased, 
is a resident of Detroit, Wayne County, Michigan, and as Trustee is 
the sole owner of the entire right, title and interest in and to said 
John A. Dow application Serial No. 746, 277, filed May.6, 1947, and 
the invention disclosed and claimed therein, in trust and as guardian 
for the benefit of Herbert Randall Dow, a minor, John B. Dow, a minor, 





2 
and Doris B. Dow, by virtue of an assignment dated March 23, 1950, 
172 from Doris B. Dow, Administratrix of the Estate of John A. Dow 
pending in the Probate Court in the County of Oakland, State of Michigan, 
U.S. A., to Doris B. Dow, Trustee and as Guardian for Herbert Randall 
Dow and John B. Dow, minor children of said John A. Dow and Doris B. 
Dow, and Doris B. Dow. Said assignment was recorded in the United 
States Patent Office on March 25, 1950, at Liber M223, Pages 3-7. 
Profert of said assignment is hereby made. 
tant 
Defendant, Robert C. Watson, Commissioner of Patents, is being 
sued in his official capacity, and in such capacity is subject to the juris- 
diction of this Court as provided in Title 35 U.S.C. Section 145. 
IV 
Said John A. Dow being the original, first, and sole inventor of 
the improvements in Heat Treating Furnace and Method as disclosed 
and claimed in his aforesaid application for Letters Patent Serial 
No. 746, 277, duly filed such application in:the United States Patent 
Office on May 6, 1947. Profert of a certified copy of such application 
and of the Official actions and amendments pertaining thereto is hereby 
made. 
V 
On September 21, 1953, the Board of Appeals affirmed the action 
of the Primary Examiner finally rejecting claims 30 through 56, all of 
the applicant's claims, on the ground that the same were unpatentable 
over the following references: 
173 Kelleher 1, 637, 486 
Fitz Gerald 1, 646, 058 
Smith 1, 721, 840 
Benner et al 1, 997, 622 
VI 
No appeal has been taken to the United States Court of Customs 
and Patent Appeals from said decision of the Bo&rd of Appeals, of 
September 21, 1953. aS 
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Plaintiff assents that said John A. Dow was the original and first 
inventor of the subject matter claimed in said application and that 
plaintiff is entitled under the law to the issuance of a United States 
Letters Patent based on the aforesaid Dow application and containing the 
finally rejected claims 30 through 56. : 

Plaintiff therefore asks this Court: ! 

1. To declare that said John A. Dow was the sive and first 
inventor of the subject matter claimed in said application, and that 
plaintiff is entitled to the issuance of a United States Letters Patent 
based thereon. | 

2. To authorize and direct the Commissiorer of Patents to: ‘sesune 
to plaintiff a United States Letters Patent containing the claims refused 
by the Board of Appeals. 

3. For such other relief as she may be entitled to under the 


provisions of Title 35, U.S.C., Section 145. 


/s/ Doris B. Dow 
Trustee 


/s/E. J. Balluff | 
Attorney for Plaintiff : 
3358 Penobscot Building | 
Detroit 26, Michigan ! 


Of Counsel 
/s/ Donald E. Lane 


1331 G Street, N. W. 
Washington 5, D.C. 
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[Filed November 27, 1953] 


ANSWER TO THE COMPLAINT 


To the Honorable the Judges of the United States District 
Court for the District of Columbia. 


I, 0, I. The defendant admits the allegations of paragraphs I, 
I, and I of the complaint 

IV. He denies that John A. Dow was the original, first, and 
sole inventor of the subject matter here in issue within the meaning 
of the patent statutes. He admits the remaining allegations of that 
paragraph. 

V, VI. He admits the allegations of paragraphs V and VI. 

Vil. He denies the allegations of paragraph VII. 

FURTHER ANSWERING, the defendant states that the plaintiff 
is not entitled to a patent containing any of the claims referred to in 
the complaint for the reasons given in the Examiner's Statement and 
the decision of the Board of Appeals in the plaintiff's application. 
Profert of copies of the said statement, decision and references is 
hereby made. 


Respectfully submitted, 
/s/ E. L. Reynolds 
Solicitor, U.S. Patent Office, 


Attorney for Defendant. 
November 25, 1953 


[CERTIFICATE OF SERVICE] 
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PETITION [746277] 
Plaintiff's Exhibit (panes 1 

To The Commissioner of Patents: 
YOUR PETITIONER John A. Dow, a citizen of the United States and 
resident of Huntington Woods, in the County of Oakland, and State of 
Michigan, and whose Post Office address is 420 Maccabees Building, 
Detroit 2, Michigan, prays that Letters Patent may be granted to him 
for the improvements in HEAT TREATING FURNACE AND METHOD 
set forth in the annexed specification; and he hereby appoints 

E. J. BALLUFF (Registration No. 13,485) 

whose Post Office address is 2755 Penobscot 


Building, Detroit 26, Michigan, his 
attorney with full power of substitution and revocation, to prosecute this 


application, to make alterations and amendments therein, to sign the 
drawings, to receive the Letters Patent, and to transact all business 


in the Patent Office connected therewith. 
/s/ John A. Dow 


SPECIFIC ATION 
To All Whom It May Concern: 
Be it known that I, JOHN A. DOW, a citizen of the United States and 
resident of Huntington Woods, in the County of Oakland, and State of 
Michigan, have invented certain new and useful improvements in HEAT 
TREATING ELEMENT FOR HEAT TREATING FURNACES of which 
the following is a full, clear and exact description: 

This invention relates to heat treating furnaces and has particular 
relation to batch type heat treating furnaces in which a controlled gas 
or other atmosphere is employed for the convection of heat from the 
heating element or heaters to the work. 7 

It has been customary heretofore to employ in such furnaces 
radiant heating elements positioned adjacent the work to be heat 
treated in such manner that the atmosphere can be circulated over 





6 
the heating elements and then through the work, the heat transferred 
to the gaseous atmosphere by the heating units being transferred to 
the work for the purpose of brining the work up to a desired uniform 
temperature. However, in doing this two things have occurred which 
have rendered the process somewhat defective. First, the heating 
elements while theoretically employed for the purpose of heating the 
controlled gas atmosphere or circulating medium largely by the direct 
conduction and radiation of heat thereto also directly heat the work 
by radiation. While this is not objectionable during the time when 


the work is being brought up to control temperature, it may be objectionable 


as this temperature is approached due to the fact that the temperature 
of the heating elements usually is several hundred degrees hotter 
than the temperature at which it is desired to process the work, and 
as a consequence of this, the part of the work directly affected by the 
radiation of heat from the heating elements usually reaches a 
temperature considerably higher than the control temperature desired. 
This overheating of a portion of the work results in overprocessing that 
portion of the work so affected. 
Also in such heat treating furnaces there is a tendency for the 
difference in temperature or temperature gradient between the part 
of the work first engaged by the circulating medium and the part where 
the circulating medium leaves the work, to increase more or less 
constantly during the period when the work is being heated up to control 
temperature. This is caused by the fact that as the heating elements 
increase the temperature of the circulating medium, the density of the 
circulating medium decreases, and under such circumstances when 
the temperature of the circulating medium reaches control temperature, 
the quantity of heat carried by the circulating medium is not as great 
per cubic foot of gas as it previously was at lower temperatures. This 
excessive gradient brings about a situation git*which a longer time is 
required for bringing all of the work to control temperature than is 
necessary, and in addition this increase in the temperature gradient 
brings about a greater than nedessary variation in the processing of the 
work. 
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For example, the work first contacted by the circulating medium 
will reach control temperature and then will be maintained at that 
temperature until the temperature throughout all of the work is equal- 

p-4 ized. Under such circumstances the degree or extent of heat 
treating of the work may vary to an undesirable extent, and to com- 
pensate for this it is the customary practice in many instances to 
specify sometimes a considerably greater degree of processing than 
is required in order to make certain that all of the work affected by 
the processing is heat treated to the desired extent. Naturally this 
expedient while curing one defect creates another, because much of 
the work then may be overprocessed. : 

Also due to the reduction in the density of the circulating medium 
at control temperature, it is necessary to employ heating elements 
which must necessarily be several hundred degrees hotter than the 
control temperature. This of course is a very severe requirement 
upon the heating elements, and they therefore tend to burn out after 
not too much service and are expensive to change not only due to the 
cost of the heating elements but due to the down time required for 
changing the elements. | 

In addition, due to the large temperature gradient in the work 
at the time the control temperature is reached, a longer than necessary 
time is required to complete the processing of the work, because the 
greater the temperature gradient is at this time, the longer w:"' be 
the time required to bring all the work to the same temperature. 

It has been proposed to place more or less heat insulating 
baffles between the work and the heating elements so as to prevent 

the heating elements from directly radiating heat upon the work. 
While this expedient is somewhat effective in preventing the work from 
heating to above control temperature in various portions thereof directly 
exposed to the radiant heat of the elements, this expedient does not in 
any way effect the large temperature gradient resulting from the 
very high temperature of the heating elements and the low density 


of the circulating medium at control temperatures. The expedient 
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presupposes that the heating elements employed operate considerably 
above control temperature both before and after control temperature 
is reached. In effect this causes an increase in the operating tempera- 
ture of the elements. 

According to the present invention it is proposed to employ one 
or more capacitors or heat absorbing elements upon which heat from 
the heating elements is directly radiated. Such capacitors are con- 
structed of materials having considerable mass, high specific heat 
and good conductivity so as to be capable of absorbing a substantial 
part of the heat required to bring the work up to control temperature 
and by reason of the conductivity thereof to transfer this heat very 
rapidly to the circulating medium when the work is first placed in 
the furnace for heat treating. By this expedient enormous quantities 
of heat are transferred to the circulating medium when the density of 
the circulating medium is high and when consequently the circulating 
medium will carry heat to the work at a high rate compared to the 
quantity of the medium circulated and the number of degrees the 
medium is cooled. Notwithstanding this, the capacitors transfer heat 

to the circulating medium at such a high rate during the first 
part of the work heating period as to establish an extremely high 
temperature difference or temperature gradient in the work, but this 
difference has no objectionable effect at this time due to the fact that 
the average work temperature is low and consequently far removed 
from the range of temperatures in which the heat treating or work 
processing is done. 

However, a very large part of the heat required for bringing 
the work up to control temperature is transferred to the work in a small 
part of the time available so that thereafter the work heating period 
may be continued at a work heating rate which is consequently lower. 


This reduction in the work heating rate is brought about by placing upon 


the heating elements during the latter and usually larger part of the 
work heating period the additional load of replacing by direct 


~ 
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radiation of heat to the heat absorbing elements or capacitors the 
heat so rapidly transferred to the circulating medium during the 
first part of the work heating period. Hence during this latter part 
of the work heating period, the heat from the heating elements is 
divided between the heat absorbing elements and the work, and this 
results in a decrease rather than an increase in the temperature 
gradient in the work during the latter part of the heating period, this 
being made possible by the enormous rate at which heat is transferred 
to the work during the first part of the heating period. The average 
rate of heating the work and consequently the time required for 
P-7 bringing the work up to control temperature is not increased 

by the decrease in the work heating rate during the remainder of the 
work heating period. Also due to the substantial decrease in the 
temperature gradient at the time when control temperature is reached 
a considerably less time is required to complete the processing of 
the work. Not only is the total time required for processing the work 
decreased due to the decrease in temperature gradient at the time 
control temperature is reached but the entire batch of work is more 
uniformly processed. This result is derived from the fact that the 
portion of the work at control temperature does not have to be held 
at control temperature for as long a time as would otherwise be re- 
quired and consequently the difference in the degree of processing 
of the entire batch of work is materially reduced. : 

Therefore, some of the objects of the invention are to ii 
a heat treating furnace in which the requirement for replacement of the 
heating tubes or elements is greatly reduced due to the decrease in 
the work temperature of the tubes, the total heat treating time is 
reduced, the work processing time is reduced, and the quality of the 
heat treated work is more nearly uniform throughout an ae batch 
of work. | 

Other and further objects of the invention will be apparent by 
reference to the accompanying drawings of which there are four (4) 
sheets, which by way of illustration show preferred embodiments and 
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the principles thereof and what I now consider to be the best mode in 
which I have contemplated applying these principles. Other embodi- 


Pp-8 ments of the invention embodying the same or equivalent princi- 
ples may be used and structural changes may be made as desired by 
those skilled in the art without departing from the present in- 
vention and the purview of the appended claim. I also contemplate that 
of the several different features of my invention, certain ones thereof 
may be advantageously employed in some applications separate and 
apart from the remainder of the features. 

In the drawings: 

Fig. 1 is a vertical sectional view through a heat treating 
furnace embracing the principles of the invention; 

Fig. 2 is a cross sectional view through the heat treating 
furnace disclosed by Fig. 1 taken substantially in the plane of line 
2-2 of Fig. 1; 

Fig. 3 is a vertical sectional view through a heat treating 
furnace embracing another form which the invention may assume; 

Fig. 4 is a cross sectional view of a heat treating furnace taken 
substantially in the plane of line 4-4 of Fig. 3; 

Fig. 5 is a vertical cross sectional view illustrating another 
form of heat treating furnace embracing the principles of the invention; 

Fig. 6 is a cross sectional view illustrating a modified form of 
the heat treating furnace illustrated by Fig. 5 which, except for the 
modification in the structure, is the same as the heat treating furnace 

illustrated by Fig. 5 would appear in the plane of line 6-6 of Fig. 
95 

Fig. 7 is a chart illustrating the heat treating of a full load 
of work as this might be done in conventional heat treating furnaces 
now employed in the art; and 

Fig. 8 is a chart illustrating the heat treating of a similar full 
load of work as this might be done in a heat treating furnace embracing 
the principles of the invention. 
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Referring particularly to Figs. 1 and 2, there is employed a heat 
insulating enclosure 10 having a plurality of side walls 11, a bottom 
wall 12, and a top wall 13. One of the side walls is provided with 
an opening 14 therein through which work to be heat treated may be 
introduced into the heating chamber 16 formed within the enclosure 
10. A work support 17 is secured inside the chamber 16 and projects 
through the opening 14 for receiving work containers 18 in which heat 
treating work to be done is placed. A conventional door or closure, 
not shown, is employed for closing the opening 14 during the heat 
treating period. | 

The fabricated work support 17 is positioned somewhat above 
the bottom wall 12 of the enclosure 10 to provide room for the operation 
of a centrifugal fan indicated at 20. The fan is provided with a shaft 
19 supported in a bearing 21 which is mounted in a removable section 

22 of the bottom wall 12, the shaft 19 being driven by a motor 
23 secured beneath the lower wall 12 by screws indicated at 24. As 
is conventional practice in the art, the upper ends of the containers 
18 are open and the lower ends thereof are perforated to permit the 
fan 20 to draw the gas circulating medium contained within the heating 
chamber 16 downwardly through the fabricated support 17 where the 
circulating medium will be thrown radially outwardly in all directions 
by centrifugal force resulting from the operation of the fan 20. The 
circulating medium will thereupon strike the walls 11 of the enclosure 
10 and will be forced upwardly within the chamber 16 in the region 
outside of the containers 18 to the top wall of 13 of the enclosure. 
Thereafter the circulating medium will move downwardly through the 
work containers as previously described. | 

Disposed on opposite sides of the work support 17 and the con- 
tainers 18 is a pair of radiant heating units 26 and 27 each consisting 
of a plurality of heating tubes or elements 28. Each of the tubes or 
elements 28 is secured in a header 29 removably positioned in an 
opening formed in the upper wall 13. In the structure shown the 
heating elements 28 are positioned in the heating chamber 16 in spaced 


| 
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relation to one another and vertically, although the tubes may be posi- 
tioned horizontally or in any other position desired. 

P-10 The tubes or elements 28 illustrated are conventional so-called 
radiant heating tubes such as are now generally employed in such 
furnaces, although any type of heating surface may be employed as 
the heating elements in this furnace. 

The specific tubes employed may be of any conventional design, 
although preferably they are tubes such as those disclosed in my 
copending application for heat treating furnace, Serial No. 670, 436, 
filed May 17, 1946. The tubes disclosed by this application not only 
heat the furnace by heat resulting from the operation thereof but, 
in addition thereto, they provide and continuously supply to the interior 
of the furnace a controlled gaseous atmosphere which may be employed 
as the circulating medium in the present furnace. However, any other 
circulating medium may be employed or the controlled gas atmosphere 
or circulating medium may be supplied from a separate source or 
structure if desired. 

Disposed adjacent opposite side walls 11 of the enclosure 10 and 
positioned vertically alongside the heating units 26 and 27, is a pair 
of capacitors or heat absorbing elements or walls 31 and 32 respectively, 
these being adapted to absorb heat by radiation from the heating elements 
28 and to transfer such heat directly to the circulating medium within 
the heating chamber 16. The circulating medium also contacts the 
tubes 28 directly and consequently receives heat from the tubes by 
reason of this contact, but inasmuch as the tubes are heated to the 
point of radiance, it is possible to transfer many times as much of the 
heat by radiation from the heating elements 28 to the walls or elements 
32 than may be transferred by the tubes to the circulating medium by 
direct contact. The heat absorbing elements 31 and 32 are of sufficient 

P-11 area and thickness and are formed of material of such mass, 
specific heat, and conductivity that it is possible to absorb preferably 
as much or more heat by radiation from the heating elements 28 than 


“~~ 
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is required to bring a full load of work within the containers 18 from 
room temperature to control temperature. These walls preferably 
are made of material consisting to a greater or less degree of silicon 
carbide, this material being available in the market in such form as 
to be usable in the walls of furnaces such as that disclosed. ‘Such 
material is sold under a great many trade names, one of which is 
Carborundum. The walls may also be made of metal or other 
material having considerable mass, high specific heat, and good 
“ conductivity. 1 
Before a load of work to be heat treated is placed in the containers 
18, the walls or heat absorbing elements'31 and 32 and the circulating 
medium will be heated up by the operation of the radiant heating elements 
28 until the temperature of both the heating elements 28, the walls, and 
the circulating medium is about equalized at or near control temperature. 
Then when a cold load of work is inserted in the furnace in the containers 
18, assuming the fan 20 to be operating under normal conditions, the 
work will immediately cool the circulating medium down to a temperature 
not greatly above the temperature of the work and the circulating medium 
will thereupon cool the surfaces of the heating elements 28 until the 
temperature thereof is materially below the temperature of the surface 
of the walls 31 and 32. Since the walls 31 and 32 have considerable 
surface exposed to the circulating medium, the surface of these walls 
P-13 likewise will be considerably cooled by direct contact with the 
circulating medium being heated, but owing to the mass, specific heat, 
and conductivity of the walls, more heat will be transferred from the 
interior of the walls to the surface thereof to continue the heating of 
the circulating medium. i 
Notwithstanding this fact, however, the temperature of the cir- 
culating medium will remain somewhat near the temperature of the 
work due to the fact that the circulating medium passes through the 
work during the rotational movement thereof within the heating chamber 


16 and consequently is cooled continuously to a temperature only slightly 
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above the temperature at which the circulating medium leaves the bottom 
of the work. At such relatively low temperature the specific heat of 
circulating medium will be higher than would be the case later on 
during the heating period, and since the specific heat is higher, more 
heat will be absorbed per cubic foot of circulating medium engaging the 
walls 31 and 32 than will be absorbed at higher temperatures later on 
during the heating cycle. Consequently large quantities of heat are 
absorbed by the circulating medium from the walls 31 and 32 and trans- 
ferred to the work in the containers 18 during the beginning of the 
heating period. Such large quantities of heat are of course transferred 


more quickly to the top of the work in the containers 18 than they are 


to the work in the bottom thereof. While this creates a large temperature 

difference between the work at the top and at the bottom of the containers 

18, this large temperature difference or temperature gradient is of no 
P-14 concern at this time because the heating period has just com- 

menced, and as a matter of fact, this is actually an advantage because 

it enables heat to be transferred to the work at a greater rate than 

it could be were the temperature gradient smaller. 

However, as the circulating medium continues to be circulated 
against the hot surfaces of the walls 31 and 32 and as the heat so absorbed 
continues to be transferred to the work in the containers 18, a point 
eventually is reached in the heating period where the temperature 
of the work at the top of the containers 18 and the temperature of the 
walls 31 and 32 are substantially equalized. At this equalization point 
the temperature at the surfaces of the heating elements 28 is also 
about the same as the temperature of the walls and the circulating 
medium, and thereafter due to the continuation in the heating of the 
heating elements, the surface temperature thereof becomes greater 
than the temperature of the surface of the heat absorbing elements 
or walls 31 and 32. Thereafter during the remainder of the heating 
period the heating elements heat both the circulating medium and the 
walls 31 and 32. Inasmuch as heat is transferred by radiation to the 
walls, much more rapidly than it is transferred by direct contact 
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between the surfaces of the tubes 28 and the circulating medium, a 
large quantity of the heat delivered to the circulating medium still 
comes from the walls 31 and 32. However, due to this rapidity of 
transferring heat from the tubes 28 to the walls 31 and 32 and to the 
P-15 circulating medium, the temperature of the tubes does not in- 


crease above the temperature of the circulating medium to such an 
extent as it would were the tubes heating only the circulating medium. 
Also the heat which is absorbed by the surfaces of the walls 31 and 

32 is quickly transferred into the interior of the walls due to the property 
of good conductivity possessed by the walls and consequently a relatively 
cool surface is maintained on the walls 31 and 32 which will absorb heat 
from the tubes 28 by radiation without rendering it necessary for the 
tubes to reach the temperature several hundred degrees hotter than 

the circulating medium or the walls in order to transfer the quantity 

of heat continuously being supplied by the tubes at a constant rate. 

When the temperature at the top of the work in the containers 18 
reaches control temperature, that is, the temperature at which it is 
desired to process all of the work in the containers, the supply of 
combustible mixture within the tubes 28 is decreased by a conventional 
control mechanism not shown, this mechanism being responsive to the 
temperature of the circulating medium leaving the vicinity of the tubes 
28 and the walls 31 and 32. Accordingly the amount of heat supplied 
by the tubes will simply be enough to keep the temperature of the cir- 
culating medium constant in this region, and at such constant temperature 
of the circulating medium the processing of the work will continue during 

P-16 the work processing period until the temperature gradient in 
the work becomes zero and at which time the heat treating of the work 
is usually discontinued. Also at this time the temperature of the surface 
of the tubes is only slightly above the temperature of the circulating 
medium since the tubes have been heating both the walls 31 and 32 
and the circulating medium at a reduced rate. The temperature of the 
surface of the walls likewise has become very nearly equal to the temperature 
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of the circulating medium due to the fact that the circulating medium 
transfers to the work a progressively decreasing quantity of heat per 
unit of time as the temperature gradient in the work approaches zero. 

Hence when the work processing period is ended or at the time 
when the heat treating of the work is completed, the heat formerly 
contained in the walls 31 and 32 which was transferred to the work at 
such a large heat transfer rate during the beginning of the heating 


period is practically entirely restored. Hence when the containers 
18 are taken out of the furnace and emptied, it is possible immediately to 


refill the containers and reinsert them in the heat treating apparatus 
and to repeat the cycle of operations previously described. 

Figs. 3 and 4 illustrate a heat treating apparatus which is the 
same as the appartus disclosed by Figs. 1 and 2 except that a modified 
form of heat absorbing element is employed. The same numerals are 
applied to Figs. 3 and 4 as are applied to the corresponding elements 

P-17 in Figs. 1 and 2. The heat absorbing elements or capacitors 
in this structure comprise a plurality of stacks 33 and 34, each stack 
being disposed about one of the heating elements or tubes 28 employed. 
The stacks are preferably spaced from one another as is indicated 
at 36 in such manner that the circulating medium will flow upwardly 
within the heating units 26 and 27, both inwardly and outwardly with 
respect to the stacks. With such construction it is possible to em- 
ploy both sides of three of the four walls of each of the stacks. Each 
stack comprises an outside wall 37, two parallel side walls 38, and 
an inner wall 39, all of such walls being disposed at right angles to 
one another so as to provide a vertical passage of rectangular cross 
section surrounding each of the heat absorbing elements or tubes 28. 

It will be noted from Fig. 3 that the two side walls 38 and the 
inside wall 39 all are somewhat shorter than the outside wall 37 of 
each of the stacks 33 and 34, so as to prayide space | gajacent the 
upper and lower walls of the enclosure 10 ‘in which the circulating 
medium may flow inwardly at the top and outwardly at the bottom 
of the enclosure. 
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Fig. 5 discloses a heat treating furnace, the side walls of which 
are cylindrical in formation as indicated at 41, and the upper wall 
is removable, as is indicated at 42, for admitting the work to the heating 
chamber thereof. The lower wall, circulating fan, and motor are simi- 


P-18 lar to the structures disclosed in Figs. 1 to 4, and the same 


reference numerals are applied to similar parts. Likewise in the 
structure a circular work support 43 is secured above the fan 20 on 
vertically disposed rods 44 which are in turn supported in the lower 
wall 12 of the enclosure. Supported upon the circular support 43 is a 
cylindrical work container 46, the upper extremity of which is open 
for receiving the work and the lower end of which is a perforated wall 
indicated at 47. The heat absorbing element or the capacitor 48 
employed is supported against the inside surface of the cylindrical 
outer wall 41 and is likewise cylindrical in formation. A plurality of 
electrical heating elements indicated at 49 are disposed in spaced 
relation inside the cylindrical capacitor 48, these being secured at 
the upper and lower ends thereof on circular terminals indicated at 51 
and 52, each of which is supported by a pair of diametrically opposed 
terminals and supports indicated at 53. ; 

The terminals and supports 53 project outwardly through openings 
formed in the cylindrical wall 41 and are insulated from such walls 
by insulating material indicated at 54. : 

The structure disclosed by Fig. 6 is identical to that disclosed 
by Fig. 5 except that in Fig. 6 there is employed a second capacitor 
or heat absorbing element 56, the latter being disposed concentrically 
within the heat absorbing element 48. In this structure the heating 
elements are disposed in the space between the two heat absorbing 


P-19 elements 58 and 56 in such manner as to provide an annular 


circular stack surrounding the heating elements. The inside wall or 
heat absorber 56 has contact with the circulating medium both in its 
inner and outer surfaces. -The two heat absorbing elements 48 and 

56 are of a height indicated by the height of the heat absorbing element 
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48 shown by Fig. 5, there being sufficient room at the top and bottom 
of the elements in this construction to provide for the circulation of the 
circulating medium both above and below the elements. 

In the modified forms of heat treating apparatus disclosed by 
Figs. 3 to 6, the operation in each instance is functionally similar 
to the operation of the heat treating furnace disclosed by Figs. 1 and 2 
and previously described. 

In the charts disclosed by Figs. 7 and 8 there are illustrated 
graphs indicating the temperatures at the upper and lower surfaces of 
a work load in two different types of heat treating furnaces. Fig. 7 
discloses graphs which might be obtained from a heat treating furnace 
such as that disclosed by any of Figs. 1 to 6 without employing the 
heat absorbing elements indicated by the numerals 31, 32, 33, 34, 48 
or 56, and Fig. 8 discloses the performance of any of the same furnaces 
equipped with such elements. 

In Fig. 7 the numeral 57 indicates the temperature of the top or 
hottest part of a load of work being processed, and 58 indicates the 
temperature of the bottom or coldest part of such load of work. The 


P-20 numeral 59 indicates the average rate of heating such work during 


the heating period, that is, during the period of heating the work prior 
to the time the top of the work reaches control temperature. As is 
indicated by this illustration, the control temperature is at 1500° 
Fahrenheit, and at which time the heat applied to the heating elements 
is automatically reduced at a rate such that the temperature at the top 
of the work does not increase beyond 1500°. The average heating 
rate indicated by the straight line 59 is such that the control temperature 
in this work is reached within a period of one hour as is also indicated 
by the graph. 

The load of work being processed in Fig. 7 weighs approximately 
1250 pounds including the containers, and there is employed in the 
furnace, refractory insulating brick and heat resisting alloys having 
a heat capacity equivalent to 250 pounds of steel. This equivalent of 
250 pounds of steel is found to be the amount of such material usually 


a 
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employed in similar conventional furnaces in the various metallic 
parts comprising the fan, the work supporting racks, the metallic or 
refractory lining, the heating elements, etc. It will be noted from 
this graph that this equivalent of 250 pounds of steel does perform a 
useful function in absorbing heat and supplying the same to the work as 
is indicated by the curvature of the lower extremities of the lines 37 
and 58. For example, as is illustrated by the point indicated by the 
numeral 61, these metallic and other heat absorbing parts do increase 
the heating rate in the work being processed to such an extent that the 
P-21 average temperature of the work at the end of five minutes is 
approximately 300°. Assuming the work to have been placed in the 
furnace at 75°, this represents an increase in temperature of approxi- 
mately 225°in one-twelfth of the time required to bring the top of the 
work to control temperature, that is, 1500°. It will be noted from 
curves 57 and 58, however, that this increase in temperature, while 
greater than the average rate of heating indicated by the line 59, 
nevertheless does not cause such a change in the work heating rate 
after the temperature of the heat absorbing surface and the temperature 
of the heating units has equalized at 700°, ‘that the temperature gradient 
in the work will decrease at any time during the remainder of the 
heating period. The temperature gradient in the work is the difference 
in temperature between the top and the bottom of the work which after 
five minutes of processing is approximately 185° in the graph shown 
by Fig. 7. 2 
By examining the curves 57 and 58 at five-minute intervals for 
the first sixty minutes or during the heating period indicated by the 
graph, it will be observed that this temperature gradient does not 
decrease during the heating period. It does not decrease for the 
reason that the amount of heat which 250 pounds of steel and other 
heat absorbing parts will absorb when compared with the total amount 
of heat required to bring the 1250 pounds of work to control temperature 
is so small that it does not materially affect the heat transfer rate 
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P-22 from the heating elements to the circulating medium during the 
remainder of the work heating period and during the time the tempera- 
ture of this 250 pounds of heat absorbing material is also being increased. 
Under such circumstances, in order to process 1250 pounds of work 
in one hour, as will be noted in Fig. 7, it is necessary for the heating 
element temperature or heater temperature to increase to such an 
extent that at control temperature the temperature of the surface of 
the heating elements is over 400° higher than control temperature. 
This is because the 250 pounds of heat absorbing material is not absorbing 
heat from the heat absorbing elements at a rate great enough to bring 
the surface temperature of the heating elements down to a lower value. 
It is apparent, therefore, that the life of the heating elements employed 
in such furnaces will not be very great in view of the fact that metals 
which can be employed for such purposes deteriorate rapidly at tempera- 
tures of the order of 1920°. 

Referring to Fig. 8, the numeral 62 indicates the temperature of 
the top and 63 the temperature of the bottom of a work load also weighing 
1250 pounds, but in which 1250 pounds of material of high specific heat 
and good conductivity has been deliberately placed in the furnace all 
in position to receive heat by radiation for the purpose of effecting an 
improved operation of the furnace. This 1250 pounds of heat absorbing 
material is in addition to the heating elements and other heat absorbing 
parts disclosed in the heat treating furnaces illustrated by Figs. 1 to 6. 

P-23 The average heating rate indicated by the line 64 is the same in 
this furnace as in the furnace the performance of which is illustrated 
by Fig. 7, that is, enough heat is put into the 1250 pounds of work to 
bring the top of the work to control temperature in sixty minutes. In 
this illustration it will be noted, however, that the heat absorbing 
material supplies heat to the work much faster and continues to supply 
heat much longer than it did in the furnace the performance of which is 
illustrated by Fig. 7. For example, at the end of fifteen minutes indi- 
cated at point 66, the average temperature of the work is 800° which 
is about half of the heat required to bring the work to control temperature 


tie 
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in one-fourth of the time. In one-fifth of the time or in ten minutes, as 


indicated at point 67, the average heating rate in the work has been 
so rapid that the temperature of the heating elements and the temperature 
of the heat absorbing surface are equalized at 1100°, and it is below this 
point that a maximum temperature gradient is reached in the work which 
from the drawing will be noted to be approximately 440°. Thereafter 
during the heating period the temperature gradient is less in 'the work 
because the heating elements are required to heat both the work and the 
heat absorbing elements. This very rapidly decreases the heating of the 
work until after about thirty minutes of the heating period the temperature 
gradient is reduced to approximately 200°, as will be noted from the 
drawing. This is because heat from the heating elements is absorbed 
at a greater rate by the heat absorbing elements than it is by the cir- 
P-24 culating medium. As will be noted from Fig. 8, thereafter the 
temperature gradient in the work, while increasing slightly remains 
almost constant up to the end of the heating period. ! 
Furthermore, by comparing Figs. 7 and 8 it will be noted that 
the heating rate of the top of the load, as indicated by the slope of lines 
57 and 62, after thirty minutes of the heating period is very much less 
in Fig. 8 than it is in Fig. 7. For example, in Fig. 7 the average 
heating rate during such period is almost as great as the average heating 
rate during the entire work heating period, this being indicated by the 
line 59. ! 
Actually the top of the load, as is indicated by line 57 in Fig 7, 
increases in temperature from 1200° to 1500° during the last fifteen 
minutes of the heating period, an amount almost as great as the average 
heating rate over the entire heating period. This 300°-increase compared 
to the average increase, which is 350° in the same time, is substantially 
greater than three-fourths of the average heating increase in the same 
interval of time. On the other hand, the top of the load in Fig. 8, as 
indicated by line 62, is at a temperature of 1325° Fahrenheit fifteen 
minutes before the end of the heating period and heats only 175° during 
» 
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this interval, an amount only one-half the average heating rate over 
the entire heating period. 

In the furnace illustrated by Fig. 7, it will be observed that the 
temperature gradient increases continuously through the entire work 
heating period and reaches a maximum at the end of the work heating 

P-25 period of approximately 380°. Comparing this with the performance 
of the furnace illustrated by Fig. 8, it will be noted that the temperature 
gradient increases very rapidly during the first part of the work heating 
period, then reaches a minimum at about the middle of the work heating 
period and then increases slightly until control temperature is reached, 
and at this time the temperature gradient is approximately 240°. 

Referring again to Fig. 7, when starting the equalization period 
with a temperature gradient of 380° and by regulation of the heating 
element so that no part of the work reaches a temperature greater than 
control temperature, it takes approximately one hour for the temperature 
of the bottom of the work to equalize with the temperature of the top thereof. 
In other words, during this entire one-hour period the top of the work 
is held at 1500° while the temperature of all of the work is equalized. 
By holding the temperature of the top of the work at control temperature 
for this period it will be apparent that there will be a considerable 
difference between the degree of processing of the top and other parts 
of the work. It may be that the top of the work will have a greater 
degree of processing than is desired, whereas the processing of the © 
bottom of the work may be somewhat below the degree desired. In 
other words, the greater the temperature gradient at the end of the work 
period, the greater will be the difference in the processing of the work 
and the greater will be the time required for this purpose. 

P-26 Referring again to Fig. 8 and starting the equalization period with 
a temperature gradient of 240°, it will be apparent that much less time 
is required to equalize the temperature of all parts of the work. For 
example, approximately only 37-1/2 minutes are required in the 


structure illustrated by Fig. 8 compared to one hour in the structure 
e 
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illustrated by Fig. 7. This difference in equalization time not only 


saves time but it will be apparent that the degree of processing of all 
of the work in a batch of work will be more nearly uniform. | 

Again comparing the performance of the two furnaces, ! it will be 
apparent that the temperature of the heating element in the structure 
illustrated by Fig. 7 is 1920° when control temperature is reached, 
whereas in the structure illustrated by Fig. 8 this temperature is only 
1720°. This 200°-difference in temperature makes a very great 
difference in the life of the heating elements simply due to the fact 
that heating elements operated at a maximum of 1720° will last several 
times longer than when operated at 1920°. 

Again comparing the two furnaces it will be noted that of the 250 
pounds of heat absorbing material employed in the furnace when the 
heat absorbing elements are not employed, not all of such heat absorbing 
material is positioned so as to be capable of absorbing heat by direct 

radiation from the heating elements. The material so positioned consists 
mainly of the inner surface of the insulating refractory wall which has 
P-27 very little effect because of the very low conductivity of such ma- 
terial. The remainder of this heat absorbing material must absorb 
heat not by direct radiation from the heating elements but from the 
circulating medium. Such heat as may be so absorbed from the cir- 
culating medium does not tend to cool the heating elements at all. As 
a matter of fact, exactly the contrary is true because the portions of the 
heating elements that do not transfer heat by radiation in considerable 
quantities to some heat absorbing material will reach a very high 
temperature when compelled merely to transfer heat to the circulating 
medium which at that time has a very low density and which does not 
readily absorb heat from the heating elements. | 

On the other hand, when the heat absorbing elements are employed 
it will be noted that they are located in such position as to absorb heat 
by radiation directly from the heating elements and consequently tend 
to keep the temperature of the heating elements at the lowest possible 
value. In fact, this transfer of heat from the heating elements to the 
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heat absorbing elements by radiation is so rapid that the heat absorbing 
elements reach temperatures much greater than the circulating medium 
and become additional heating surface to transfer heat to the circulating 
medium. 

In other words, when comparing furnaces operating under the 
different conditions previously described, it will be apparent that furnaces 
which heretofore have not contained a considerable amount of material 

P-28 of good conductivity that will absorb heat by direct radiation from 
the heating elements do not transfer a great amount of heat to the work 
during the initial part of the work heating period. This is the reason 
that in the structure which is illustrated by Fig. 7 there is a continuous 
increase in the temperature gradient from the beginning to the end 
of the heating period, and this is true notwithstanding the fact that the 
graphs show that some heat was transferred to the work from the 250 
pounds equivalent of steel in heat absorbing material located in the 
furnace. Consequently the temperature gradient in the work does not 
show any decrease at all during the heating period, whereas this would 
not be true if this heat absorbing material had been positioned so as to 
receive a substantial quantity of heat by radiation from the heating ele- 
ments as in the furnace illustrated by Fig. 8. 

Any heat absorbing material not positioned to absorb heat by 
direct radiation from the heating elements will be heated by direct 
contact with the circulating medium. The heating elements therefore 
are compelled to supply enough heat to the circulating medium to heat 
this additional load and the work simultaneously, which tends to increase 
rather than to decrease the temperature of the heating elements. In 

P-29 the structure illustrated in Fig. 8 the temperature of the heating 
elements is decreased rather than increased by the presence of heat 
absorbing material. : 


The heat absorbing element employed in the furnace illustrated 
by Fig. 8, which has a heat absorbing capacity Spproximately equal 
to the heat to be absorbed during the work heating period by a full 
load of work, is used simply for the purpose of illustration and because 
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a heat absorbing element of this capacity has been found to work well. 
However, heat absorbing elements of a much greater and much less 
capacity may be employed with results that will be an improvement over 
anything heretofore employed in the art where heat absorbing capacity 
has been employed only for other purposes such as linings and other 
parts placed in furnaces in positions where the heat absorbed is received 
in large measure from the circulating medium and not by radiation directly 
from the heating elements. An increase in heat absorber capacity above 
that used in the illustrations in Figs. 7 and 8 or above a heat absorbing 
capacity substantially equal to the heat absorbing capacity of a full load 
of work, will further tend to decrease both the temperature of the heating 
elements and the temperature gradient in the load, during the portion of 
the work heating period just prior to reduction in heat input to the heating 
elements which occurs when the top of the work reaches control tempera- 
ture. ! 

P-30 While I have illustrated and described preferred embodiments of 
my invention, it is understood that these are capable of modification, 
and I therefore do not wish to be limited to the precise details set forth 
but desire to avail myself of such changes and alterations as fall within 
the purview of the following claims. | 

P-31 I CLAIM: 

1. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of 
said quantity of heat has been transferred to said work and then simul- 
taneously transferring heat from said heating element to said work and 
to said heat absorbing element; the heat transfer to and from said heat 
absorbing element being at such rate that the rate of heating said work 
during the first part of the aforesaid work heating cycle is great enough 
to produce a temperature gradient in said work greater than the temperature 
gradient in said work when said control temperature is reached. 
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2. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of said 
quantity of heat has been transferred to said work and then simultaneously 

P-32 transferring heat from said heating element to said work and to 

said heat absorbing element to restore said heat to said heat absorbing 
element and until the rate of heat input to the heating element is reduced, 
the heat transfer to and from said heat absorbing element being such 
that the rate of heating said work during the first part of the aforesaid 
work heating cycle is great enough to produce a temperature gradient in 
said work greater than the temperature gradient in said work when 
said control temperature is reached. 

3. A method of heat treating work which comprises transferring 


heat by radiation from a heating element to a heat absorbing element, 


then during a work heating period transferring heat by a circulating 
medium from said heating element and from said heat absorbing 

element to said work until the temperature of said elements is equalized, 
and then transferring heat by radiation from said heating element to said 
heat absorbing element and by said circulating medium from both of said 
elements to said work, the rate of heat trasnfer from said heating 
element being constant during said work heating period, and the rate 

of heat transfer and the quantity of heat transferred to said heat absorbing 
element being such that the temperature gradient in said work reaches 

a minimum between the first part and the last part of said work heating 
period. 

P-33 4. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of 
said quantity of heat has been transferred to said work and then 
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simultaneously transferring heat from said heating element to said 
work and to said heat absorbing element to restore heat to said heat 
absorbing element and until control temperature in said work is 
reached; the heat transfer to and from said heat absorbing element 
being at such rate that the rate of heating said work just before said 
control temperature is reached is less than three-fourths of the 
average work heating rate during said cycle. | 

5. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a pre- 
determined quantity of heat is absorbed by said heat absorbing element, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until a portion of 
said quantity of heat has been transferred to said work and then simul- 
taneously transferring heat from said heating element to said work and 

P-34 to said heat absorbing element to restore heat to said heat 
absorbing element and until control temperature in said work is 
reached; the transfer of heat to and from said heat absorbing element 
being at such rate that the rate of heating said work for the last one- 
fourth of the aforesaid work heating cycle is less than three-fourths 
as great as the average work haating rate during said cycle. 

6. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing ef3ment until the 
quantity of heat absorbed by said heat absorbing element is more than 
one-third of the heat required for bringing said work to control tempera-' 
ture, then transferring heat by a circulating medium from said heating 
element and from said heat absorbing element to said work until the 
temperatures of said heat absorbing element and said heating element 
are substantially equalized and then simultaneously transferring heat 
from said heating element to said work and to said heat absorbing ele- 
ment. 


7. A method of heat treating work which comprises —_——— 
heat from a heating element to a heat absorbing element until the quaniity 
of heat absorbed by said heat absorbing element is more than one-third 





28 

P-35 of the heat required for bringing said work to control temperature, 
then transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until the temperatures 
of said heat absorbing element and said heating element are substantially 
equalized and then simultaneously transferring heat from said heating 
element to said work and to said heat absorbing element until control 
temperature in said work is reached and until the quantity of heat trans- 
ferred from said heat absorbing element is restored. 

8. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until the quantity 
of heat absorbed by said heat absorbing element is substantially equal 
to the heat required for bringing said work to control temperature, 
then transferring heat by a circulating medium from said heating ele- 
ment and from said heat absorbing element to said work until the 
temperatures of said heat absorbing element and said heating element 
are substantially equalized and the simultaneously transferring heat 


from said heating element to said work and to said heat absorbing 


element. 
P-36 9. A method of heat treating work which comprises transferring 

heat from a heating element to a heat absorbing element until the 
quantity of heat absorbed by said heat absorbing element is substantially 
equal to or greater than the heat required for bringing said work to 
control temperature, then transferring heat by a circulating medium from 
said heating element and from said heat absorbing element to said 
work until the temperatures of said heat absorbing element and said 
heating element are substantially equalized and then simultaneously 
transferring heat from said heating element to said work and to said 
heat absorbing element until control temperature in said work is 
reached and until the quantity of heat transferred from said heat ab- 
sorbing element is restored. 

10. A method of heat treating work which comprises transferring 
heat from a heating element to a heat absorbing element until a substantial 
quantity of heat is absorbed by said heat absorbing element, then 
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transferring heat by a circulating medium from said heating element 
and from said heat absorbing element to said work until at least one- 
fifth of the heat absorbed by said heat absorbing element has been 

P-37 transferred to said work and then simultaneously transferring 
heat from said heating element to said work and to said absorbing ele- 
ment. 7 

11. A method of heat treating work which comprises transferring 

heat from a heating element to a heat absorbing element until the quantity 
of heat absorbed by said heat absorbing element is greater than one-third of 
the heat required for bringing said work to control temperature, then 
transferring heat by a circulating medium from said heating element 

and from said heat absorbing element to said work until at least one- 

fifth of the heat absorbed by said heat absorbing element has been 

transferred to said work and then simultaneously transferring heat 

from said heating element to said work and to said heat absorbing 

element until control temperature in said work is reached and until 

the quantity of heat transferred from said heat absorbing element is 

restored. | 


P-38 12. A heat treating furnace comprising a heat insulated enclosure 


providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing ele- 
ment consisting of a body comprising silicon carbide. : 

13. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
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and said heat absorbing element said work, said heat absorbing ele- 
ment having a capacity for absorbing heat from said heating element 
and for transferring heat to said circulating medium great enough to 
provide a maximum temperature gradient in said work before said 
work reaches control temperature. 

P-39 14. A heat trearing furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing 
element having a capacity for absorbing heat from said heating element 
and for transferring heat to said circulating medium great enough to 
maintain the rate of heating said work just before control temperature 
is reached at a value substantially lower than the average heating rate. 


15. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 


chamber for transferring heat by convection from said heating element 

and said heat absorbing element to said work, said heat absorbing element 

having a capacity for absorbing heat from said heating element and for 
P-40 transferring heat to said circulating medium great enough to de- 

crease the rate of heating said work during the last quarter of the heating 

period to less than three-fourths of the average heating rate for the 

work heating period. 

16. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
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by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 

; and said heat absorbing element to said work, said heat absorbing ele- 

| ment having a capacity for absorbing heat from said heating element 
and for transferring heat to said curculating medium great enough 
to decrease the rate of heating said work to such an extent that the 
rate of heating just below control temperature is reached is less than 
three-fourths of the average heating rate for the entire heating period. 

17. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 

P-41 said heating element being adapted to heat said heat absorbing 
element by the radiation of heat thereupon, a circulating medium within 
said chamber for transferring heat by convection from said heating 
element and said heat absorbing element to said work, said heat ab- 
sorbing element having a capacity for absorbing heat from said heating 
element equal to the heat required to bring a full load of said work to 
control temperature. 

18. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and a heat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing ele- 
ment having a capacity for absorbing heat from said heating element 
greater than one-third of the heat required to bring a full load of said 
work to control temperature. 

_* P42 19. A heat treating furnace comprising a heat insulated enclosure 
providing a chamber for heat treating work to be disposed therein, a 
heating element and aheat absorbing element disposed in said chamber, 
said heating element being adapted to heat said heat absorbing element 
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by the radiation of heat thereupon, a circulating medium within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 
transferring heat to said circulating medium great enough to decrease 
the temperature gradient in said work before control temperature is 
reached. . 

20. A heat treating furnace as defined in Claim 13 in which the 
heat absorbing element comprises a pair of parallel walls disposed out- 
wardly with respect to the work and the heating element. 

21. A heat treating furnace as defined in Claim 13 in which the 
heating element comprises a pair of heating units disposed on opposite 
sides of the work, ‘and the heat absorbing element comprises a pair 
of parallel walls disposed outwardly with respect to the heat units. 

P-43 22. A heat treating furnace as defined in Claim 13 in which the 
heating element comprises a pair of heating units disposed on opposite 
sides of the work, and the heat absorbing element comprises a plurality 
of parallel walls disposed with respect to said work both inwardly and 
outwardly of said heating units. 

23. A heat treating furnace as defined in Claim 13 in which the 
heating element comprises a plurality of heaters disposed in units on 
opposite sides of the work, and the heat absorbing element comprises 
a plurality of walled enclosures, one of said walled enclosures being 
disposed about each of said heaters. ) 

24. A heat treating furnace as defined in Claim 13 in which said 
heating element comprises a pair of heating units disposed on opposite 
sides of said work, and said heat absorbing element comprises walls 
disposed between said heating units and said work. 

p-44 25. A heat treating furnace as defined in Claim 13 in which said 
heating element comprises a plurality of heaters arranged in units on 
opposite sides of said work, and said heat absorbing element comprises 
a plurality of walls disposed in pairs on opposite sides of said heaters 
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and in such way as to separate said heaters from one another. 
26. A heat treating furnace as defined in Claim 13 in which said 


heat absorbing element comprises a cylindrical wall disposed outwardly 


with respect to said heating element and said work. ! 

27. A heat treating furnace as defined in Claim 13 in which said 
heat absorbing element comprises a cylindrical wall disposed between 
said heating element and said work. : 

28. A heat treating furnace as defined in Claim 13 in which said 
heat absorbing element comprises a pair of concentric cylindrical walls 
disposed about said work and between which said heating element is dis- 
posed. ! 

p-45 29. All inventions and improvements illustrated and described 
in the foregoing specification and the accompanying drawings: 
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Plaintiffs Exhibit No. 1 
P-130 IN THE UNITED STATES PATENT OFFICE 


Div. 3 

JOHN A. DOW 

Ser. No. 746, 277 

Filed May 6, 1947 

For "Heat Treating Furnace 
and Method" 


| 
1 


Detroit 26, Michigan 
December 11, 1951 


HON. COMMISSIONER OF PATENTS 
Washington 25, D.C. 
Sir: 
5 * * * * * 
P-136 In response to the requirement for election, the applicant hereby 
elects to prosecute in this application in the event no generic claims 
are allowable, the species disclosed in Figs. 3 and 4, and to retain in 
the case the remaining claims pending the determination of the allowability 
of a generic claim. : 
* * * * * : * 
Respectfully submitted, 
JOHN A. DOW 
/s/B. J. Ballutf 
Attorney for Applicant 





Plaintiffs Exhibit No. 1 


DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 


Please find below a communication from the EXAMINER 
in charge of this application. 


JOHN A. MARZALL 
Commissioner of Patents. 


E. J. Balluff Ser. No. 746, 277 

3355 Penobscot Building Filed May 6, 1947 

Detroit 26, Michigan For HEAT TREATING 
FURNACE AND METHOD 


Responsive to letter filed December 14, 1951. 

Claims 30-48 are rejected as unpatentable over Benner who shows 
the use of a heat storage means for the same purpose as that of applicant 
in view of circulating the atmosphere in the furnace as shown by Smith 
or vice versa. The idea of heat storage in a furnace and the use of 
same along with the primary heating source being old in the art it is 
deemed no more than engineering skill to apply same to any other type 
of furnace or heating cycle to accomplish the same end. By reasons 
of the capacity of the heat storage means it is obvious that such will 
accomplish all of the functional recitations of the claims. In regard 
to applicant's discussion of functionality attention is directed to claim 
31 last 10 lines. This calls for the application of heat to perform a 
rate of heating as described. Since the claim fails to set forth any 
positive steps it must be assumed that the silicon carbide lining or 


heat storage means of applicant and Benner will pe rform the 
same function. Applicant has not shown that the heat storage means 
of Benner will not so operate. It is to be noted that there is no 
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antecedent support for the word case in last line of claim 31. 

Claims 49-52 and 56 are rejected as claim 30 in view of enclosing 
the heating element as shown by each of Fitz Gerald and Kelleher. To 
surround the heating means with a heat storage means is not deemed 
invention in view of the latter references who show such to be old 
in the art. The particular physical form of the enclosure is a mere 
matter of design and not invention. The use of a particular old and well 
known heater as called for in claim 56 adds no patentable merit. 


Claims 53-55 are rejected as failing to read upon the elected 


species. 
Claims 1-29 are cancelled. 
No claim is allowed. 
This action is FINAL. 


/8s/ N. Marmelsbein 
Examiner 


Plaintiff's Exhibit No. 1 


P-163 APPEALED CLAIMS 


30. A method of heat treating a batch of pieces of work in a confined 
atmospheric medium of a batch type furnace in which heating means are 
exposed to said medium for heating the same and which method comprises 
arranging a batch of pieces of work in said atmospheric medium to absorb heat 
therefrom, then transferring heat to said work ata relatively high rate 
by recirculating said medium in a predetermined path over said heating 
means and through said batch of work, and then reducing the rate at 
which heat is transferred from said heating means to said batch of 
work; said method involving the heat transfer to said batch of work at 
such rate that the rate of heating said batch of work is great enough to 
produce a relatively large temperature gradient in the batch of work 
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during the first part of the work heating cycle, and low enough during 
the latter part of the work heating cycle to decrease the temperature 
gradient in said batch of work until the control temperature of said 
batch of work is approached. 

31. A method of heat treating a batch of pieces of work in a con- 
fined atmospheric medium of a batch type furnace in which heating means 
are exposed to said medium for heating the same and which method 
comprises arranging a batch of pieces of work in said atmospheric 
medium to absorb heat therefrom, then transferring heat to said 
work at a relatively high rate by recirculating said medium in a pre- 
determined path over said heating means and through said batch of 
pieces of work, and then reducing the rate at which heat is transferred 
from said heating means to said batch of work; said method involving 
the heat transfer to said batch of work at such rate that the rate of 
heating said batch of work is great enough to produce a relatively large 
temperature gradient in the batch of work during the first part of the 
work heating cycle, and low enough during the latter part of the work 
heating cycle to reduce the temperature gradient in said batch of 
work to a relatively small amount during that portion of the heating 
cycle at which a case is being formed on said work. 

P-164 32. A method of heat treating a batch of pieces of work in a con- 
fined atmospheric medium of a batch type furnace in which there are 
arranged a heat generating element and a heat absorbing element with 
the heat absorbing element arranged to absorb heat from said heat 
generating element, and which method comprises transferring heat by 
radiation from said heat generating element to said heat absorbing ele- 
ment until the latter has absorbed a substantial part of the heat required 
to bring a batch of work up to control temperature, arranging a batch 
of pieces of work in said atmospheric medium to absorb heat therefrom, 
then transferring heat by recirculating said medium in a predetermined 
path over said heat generating element and said heat absorbing element 
and through said batch of work until a substantial portion of said quantity 
of heat absorbed by said heat absorbing element has been transferred to 
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said work, and then reducing the rate at which heat is transferred from 
said heat generating element to said batch of work; said method involving 
the heat transfer to said batch of work at such rate that the rate of heating 
said batch of work is great enough to produce a relatively large temperature 
gradient in the batch of work during the first part of the work heating cycle, 
and low enough during the latter part of the work heating cycle to 

decrease the temperature gradient in said batch of work until the 


control temperature of said batch of work is approached. 7 

33. The method of heat treating work according to claim 32 
wherein the heat transfer to and from said heat absorbing element and 
to said batch of work is such that the temperature gradient in said 
batch of work reaches a minimum between the first part and the last 
part of the work heating cycle. 

34. The method of heat treating work according to claim 32 
wherein the heat transfer to said batch of work and to and from said heat 
absorbing element is at such rate that the rate of heating said work just 
before the control temperature is reached is less than three-fourths 
of the average work heating rate during the work heating cycle. 

35. The method of heat treating work according to claim 32 in 
which the heat transfer to said batch of work and to and from said heat 
absorbing element is at such rate that the rate of heating said batch of 
work is great enough to produce a relatively large temperature gradient 
in the batch of work during the first part of the work heating cycle, 
and low enough during the latter part of the work heating cycle to reduce 
the temperature gradient in said batch of work to a relatively small 
amount during that portion of the heating cycle at which a case is being 





formed on said work. . | 


P-165 36. A method of heat treating a batch of pieces of oe in a confined . 


atmospheric medium of a batch type furnace in which there are arranged 


a heat generating element and a heat absorbing element with the heat 
absorbing element arranged to absorb heat by direct radiation from said 
‘ heat generating element, and which method comprises transferring heat 
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by radiation from said heat generating element to said heat absorbing 
element until the latter has absorbed a substantial part of the heat re- 
quired to bring a batch of work up to control temperature, arranging a 
batch of pieces of work in said atmospheric medium to absorb heat 
therefrom, then transferring heat by recirculating said medium in a 
predetermined path over said heat generating element and said heat 
absorbing element and through said batch of work until a substantial 
portion of said quantity of heat absorbed by said heat absorbing element 
has been transferred to said work, and then simultaneously transferring 
heat from said heat generating element to said batch of work and to said 
heat absorbing element; said method involving the heat transfer to said 
batch of work and to and from said heat absorbing element at such rate 
that the rate of heating said batch of work during the first part of the 
work heating cycle is materially greater than the average rate of heating 
said batch of work until the control temperature of said batch of work 
is approached, and the rate of heating said batch of work during the 
latter part of the work heating cycle is below said average so that the 
temperature gradient in said batch of work when the control temperature 
thereof is reached is at a minimum. 

37. A method of heat treating a batch of pieces of work in a con- 
fined atmospheric medium of a batch type furnace in which there are 
arranged a heat generating element and a heat absorbing element with 
the heat absorbing element arranged to absorb heat from said heat 
generating element, and which method comprises transferring heat from 
said heat generating element to said heat absorbing element until the 
latter has absorbed a substantial part of the heat required to bring a 
batch of work up to control temperature, arranging a batch of pieces 
of work in said atmospheric medium to absorb heat therefrom, then 
transferring heat by recirculating said medium in a predetermined path 
over said heat generating element and said heat absorbing element and 
through said batch of work until a substantial portion of said quantity 
of heat absorbed by said heat absorbing element has been transferred 
to said work, and then simultaneously transferring heat from said heat 
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generating element to said batch of work and to said heat absorbing ele- 
ment; said method involving the heat transfer to said batch of work and 
to and from said heat absorbing element at such rate that the rate of 

P-166 heating said batch of work is great enough to produce a relatively 
large temperature gradient in the batch of work during the first part of 
the work heating cycle, and low enough during the latter part of the 
work heating cycle to decrease the temperature gradient in said batch 
of work until the control temperature of said batch of work is 
approached. | 

38. A method of heat treating work according to claim 37 in 
which said heat is transferred from said heat generating element to said 
heat absorbing element by radiation. 

39. A batch type heat treating furnace comprising a iat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a heat 
absorbing element disposed in said chamber, said heating element being 
adapted to heat said heat absorbing element by the radiation of heat 
thereupon, a gaseous circulating medium confined within said chamber 
for transferring heat by convection from said heating element and said 
heat absorbing element to said work, means for effecting the forced 
recirculation of said medium in a predetermined path over said heat 
absorbing element and said heating element when the latter is ope rative 
and through said batch of work, said heat absorbing element consisting 
of a body comprising silicon carbide having a capacity for absorbing heat 
from said heating element greater than one-third of the heat required 
to bring a full load of said work to control temperature. | 


40. A batch type heat trezting furnace comprising a heat in- 


sulated enclosure providing a chamber, means for supporting a batch 

of pieces of work in said chamber so as to permit the circulation of 

a gaseous heating medium through said batch of work, a heating element 
and a heat absorbing element disposed in said chamber, said heating 
element being adapted to heat said heat absorbing element by the 
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radiation of heat thereupon, a gaseous circulating medium confined with- 
in said chamber for transferring heat by convection from said heating 
element and said heat absorbing element to said work, means for effect- 
ing the forced recirculation of said medium in a predetermined path 
over said heat absorbing element and said heating element when the 
latter is operative and through said batch of work, said heat absorbing 
element having a capacity for absorbing heat from said heating element 
and for transferring heat to said circulating medium great enough to 
provide a minimum temperature gradient in said batch of work when said 
work reaches control temperature. 

P-167 41. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous heat- 
ing medium through said batch ofwork, a heating element and a heat ab- 
sorbing element disposed in said chamber, said heating element being 
adapted to heat said heat absorbing element by the radiation of heat 
thereupon, a gaseous circulating medium confined within said chamber 
for transferring heat by convection from said heating element and said 


heat absorbing element to said work, means for effecting the forced 


recirculation of said medium in a predetermined path over said heat 
absorbing element and said heating element when the latter is operative 
and through said batch of work, said heat absorbing element having a 
capacity for absorbing heat from said heating element and for transferring 
heat to said circulating medium great enough to maintain the rate of heat- 
ing said work just before control temperature is reached at a value 
substantially lower than the average heating rate during the work heating 
cycle. 

42. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a 
heat absorbing element disposed in said chamber, said heating element 
being adapted to heat said heat absorbing element by the radiation of 
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heat thereupon, a gaseous circulating medium confined within said 


chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, means for effecting the 
forced recirculation of said medium in a predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 
transferring heat to said circulating medium great enough to decrease 
the rate of heating said batch of work during the last quarter of the 
heating period to less than three-fourths of the average heating rate for 
the work heating period. 7 

43. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a patch of pieces 
of work in said chamber so as to permit the circulation of a gaseous heat- 
ing medium through said batch of work, a heating element and a heat 
absorbing element disposed in said chamber, said heating element being 
adapted to heat said heat absorbing element by the radiation o&heat 


P-168 thereupon, a gaseous circulating medium confined within said 


chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work, means for effecting the 
forced recirculation of said medium in a predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 
transferring heat to said circulating medium great enough to decrease 
the rate of heating said work to such an extent that the rate of heating 
just below control temperature is less than three-fourths of w average 
heating rate for the entire heating period. 

44, A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a 
heat absorbing element disposed in said chamber, said heating element 
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being adapted to heat said heat absorbing element by the radiation of 


heat thereupon, a gaseous circulating medium confined within said 
chamber for transferring heat by convection from said heating element | 
and said heat absorbing element to said work, means for effecting the 
forced recirculation of said medium in a predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element equal to 
the heat required to bring a full load of said work to control temperature. 
45. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a 
heat absorbing element disposed in said chamber, said heating element 
being adapted to heat said heat absorbing element by the radiation of 
heat thereupon, a gaseous circulating medium confined within said 
chamber for transferring heat by convection from said heating element 
and said heat absorbing element to said work,means for effecting the 
forced recirculation of said medium in a predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element greater 
than one-third of the heat required to bring a full load of said work to 
control temperature. 


P-169 46. A batch type heat treating furnace comprising a heat insulated 


enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous 
heating medium through said batch of work, a heating element and a 
heat absorbing element disposed in said chamber, said heating element 
being adapted to heat said heat absorbing element by the radiation of 
heat thereupon, a gaseous circulating medium confined within said 
chamber for transferring heat by convection from said heating element 


and said heat absorbing element to said work, means for effecting the 
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forced recirculation of said medium in a predetermined path over said 
heat absorbing element and said heating element when the latter is 
operative and through said batch of work, said heat absorbing element 
having a capacity for absorbing heat from said heating element and for 
transferring heat tosaid circulating medium great enough to decrease the 
temperature gradient in said batch of work to a minimum during that 
portion of the heating cycle when the case is being formed on, said work 
pieces. 3 

47. A batch type heat treating furnace as defined in claim 40 in 
which the heat absorbing element comprises a pair of walls disposed 
outwardly with respect to the work and the heating element. : 

48. A batch type heat treating furnace as defined in claim 40 in 
which the heating element comprises a pair of heating units disposed on 
opposite sides of the work, and the heat absorbing element comprises 
a pair of walls disposed outwardly with respect to the heat units. 

49. A batch type heat treating furnace as defined in claim 40 in 
which the heating element comprises a pair of heating units disposed on 
opposite sides of the work, and the heat absorbing element comprises 
a plurality of walls disposed with respect to said work both ‘ili and 
outwardly of said heating units. | 

50. A batch type heat treating furnace as defined in clkin 40 in 
which the heating element comprises a plurality of heaters disposed in 
units on opposite sides of the work, and the heat absorbing element 
comprises a plurality of walled enclosures, one of said walled enclosures 
being disposed about each of said heaters. | 

P-170 91. A batch type heat treating furnace as defined in claim 40 in 
which said heating element comprises a pair of heating units disposed 
on opposite sides of said work, and said heat absorbing element com- 
prises walls disposed between said heating units and said work. 

52. A batch type heat treating furnace as defined in claim 40 in 
which said heating element comprises a plurality of heaters arranged 
in units on opposite sides of said work, and said heat absorbing element 
comprises a plurality of walls disposed in pairs on opposite sides of 
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said heaters and in such way as to separate said heaters from one ano- 
ther. 

53. A batch type heat treating furnace as defined in claim 40 in 
which said heat absorbing element comprises a cylindrical wall disposed 
outwardly with respect to Said heating element and said work. 

54. A batch type heat treating furnace as defined in claim 40 in 
which said heat absorbing element comprises a cylindrical wall disposed 
between said heating element and said work. 

55. A batch type heat treating furnace as defined in claim 40 in 
which said heat absorbing element comprises a pair of concentric 
cylindrical walls disposed about said work and between which said heat- 
ing element is disposed. 

56. A batch type heat treating furnace comprising a chamber 
having an opening in its side affording access thereto, a horizontal 
grille type work support in said chamber adapted for supporting a con- 
tainer, said container having a perforate bottom and being adapted to 
support a batch of pieces of work in said chamber in such a manner as 
to permit the circulation of a gaseous heating medium through said batch 
of work, a heating element and a heat absorbing element disposed in 
said chamber, said heating element being adapted to heat said heat 
absorbing element by the radiation of heat thereupon, a gaseous circulat- 
ing medium confined within said chamber for transferring heat by con- 
vection from said heating element and said heat absorbing element to 

P-171 said work, a fan operable for effecting the forced recirculation of 
said medium in a predetermined path over said heat absorbing element 
and said heating element when the latter is operative and through said 
container and the batch of work therein and said work support, said 
heating element comprising a plurality of tubular heaters and said heat 
absorbing element comprising a plurality of walled enclosures, one of 
said enclosures being disposed about each of said heaters. 
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Plaintiff's Exhibit No. 1 


JCC/pf 
In re application of | 
John A. Dow Appeal No. 33, 389 


Ser. No. 746,277 Before the Board of Appeals 
Filed May 6, 1947 , 
For HEAT TREATING 

FURNACE AND METHOD 


E. J. Balluff for Appellant 


Examiner's Statement 
This is an appeal from the final rejection of claims 30 through 56, 
which are all of the claims in the application. 
A correct copy of the appealed claims appears at the end of 
applicant's brief (i.e. after page 22). | 

The references relied on are correctly listed on page 16 of 
applicant's brief. 

Applicant's invention appears to be adequately described on pages 
1 through 16 of applicant's brief. 

Applicant has adequately described the references to Smith and 

Benner at pages 16 and 17 of kis brief since these references are combined 
to use the silicon carbide walls 6 of Benner et al in place of shell or 
inner liner 4 of the Smith furnace chamber. | 

‘The Fitz Gerald reference discloses a separate res istor chamber 
D (Fig. 1) which has the heating elements 9, 10 surrounded by silicon 
carbide walls 18, 19, 20, 21 so that these heating elements are separated 
from the material chamber H by walled enclosures. Material to be 

P-173 heated is conveyed into chamber H on car 23, and is heated by 
radiation from plate 20 without being directly exposed to the heating 
elements 9 and 10. ! 

The Kelleher reference similarly discloses a separate resistor 
chamber for heating element 3 which is enclosed by walls 4, 5 and the 
bottom 10 (of silicon carbide) to also separates the heating elements by 
means of a walled enclosure from the remainder of the furnace chamber 
outlined by outer walls 1. ! 
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The rejection of claims 30 through 48 on the references to Benner 
and Smith is believed to be adequately set forth in the Final Rejection of 
January 24, 1952. 

The rejection of claims 49 through 52 and 56 on the same references 
used in rejecting claim 30 in view of Fitz Gerald and Kelleher is believed 
clear in the Final Rejection of January 24, 1952 once the latter references 
are explained. It seems clear that either the heating elements 1 of 
Benner et al or the heating elements 21 of Smith can be enclosed 
separately from the remainder of the heating chamber in the manner 
that either the heating elements 9, 10 of Fitz Gerald or the heaters 3 of 
Kelleher are so separated from their respective work treating chambers. 

Applicant's brief argument has been carefully considered and it 
appears to admit that the separate elements claimed by applicant are 
old but that he believes that when they are combined together, these 
elements produce a new or unobvious result. It is submitted that the 
results, so far as can be determined, are not unobvious since each 

P-174 element in applicant's device still operates in the same way to 
produce the same separate result that each element produced separately 
in the prior art furnaces. For example, it is notoriously old to store 
heat in heating chamber parts in order to reach a uniform treating 
temperature quickly either by initially preheating (as is done in low 
temperature cooking) or by using the heat storage material in the lining 
of furnaces when heating both linings and the work together so that the 
work is brought up to a uniform final temperature as quickly as possible. 
It is equally old to mechanically or even manually stir atmosphere ina 
furnace chamber or even elsewhere to prevent a temperature differential 
in an enclosure or to attempt to equalize the temperatures if they are 
different in various parts of an enclosure. These two steps are old, in 
and of themselves, and they do not appear to have any special or unusual 
relationship to each other when used together to make it unobvious to 
use both heat storage in furnace parts and mechanical agitation of furnace 
atmosphere simultaneously. 


It is submitted that in view of the above further explanation and 
argument, the final rejection of all the claims should be affirmed. 


E.J. Balluff, 3355 Penobscot Bldg. , Examiner 


D 7) UJ W] Ake: 
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Plaintiff's Exhibit No. 1 
Paper No. 22 : 


U. S. PATENT OFFICE 
BOARD OF APPEALS 
RHI 
Appeal No. 333-89 


Hearing: | 
July 16, 1953 | 


IN THE UNITED STATES PATENT OFFICE 
BEFORE THE BOARD OF APPEALS 


Ex parte John A. Dow 
Application for Patent filed May 6, 1947, Serial No. 746, 277. 
Heat treating Furnace and Method. | 


E. J. Balluff for appellant. 


This is an appeal from the action of the Primary Examiner finally 
rejecting claims 30 through 56, all of the claims in the case. 

Claims 32 and 39 are representative. 

32. A method of heat treating a batch of pieces of work in a 
confined atmospheric medium of a batch type furnace in which there are 
arranged a heat generating element and a heat absorbing element with 
the heat absorbing element arranged to absorb heat from said heat 
generating element, and which method comprises transferring heat by 
radiation from said heat generating element to said heat absorbing element 
until the latter has absorbed a substantial part of the heat required to 
bring a batch of work up to control temperature, arranging a batch of 
pieces of work in said atmospheric medium to absorb heat therefrom, 
then transferring heat by recirculating said medium ina predetermined 
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The rejection of claims 30 through 48 on the references to Benner 
and Smith is believed to be adequately set forth in the Final Rejection of 
January 24, 1952. 
The rejection of claims 49 through 52 and 56 on the same references 
used in rejecting claim 30 in view of Fitz Gerald and Kelleher is believed 
clear in the Final Rejection of January 24, 1952 once the latter references 


are explained. It seems clear that either the heating elements 1 of 

Benner et al or the heating elements 21 of Smith can be enclosed 

separately from the remainder of the heating chamber in the manner 

that either the heating elements 9, 10 of Fitz Gerald or the heaters 3 of 

Kelleher are so separated from their respective work treating chambers. 
Applicant's brief argument has been carefully considered and it 

appears to admit that the separate elements claimed by applicant are 

old but that he believes that when they are combined together, these 

elements produce a new or unobvious result. It is submitted that the 

results, so far as can be determined, are not unobvious since each 


P-174 element in applicant's device still operates in the same way to 


produce the same separate result that each element produced separately 
in the prior art furnaces. For example, it is notoriously old to store 
heat in heating chamber parts in order to reach a uniform treating 
temperature quickly either by initially preheating (as is done in low 
temperature cooking) or by using the heat storage material in the lining 
of furnaces when heating both linings and the work together so that the 
work is brought up to a uniform final temperature as quickly as possible. 
It is equally old to mechanically or even manually stir atmosphere ina 
furnace chamber or even elsewhere to prevent a temperature differential 
in an enclosure or to attempt to equalize the temperatures if they are 
different in various parts of an enclosure. These two steps are old, in 
and of themselves, and they do not appear to have any special or unusual 
relationship to each other when used together to make it unobvious to 


use both heat storage in furnace parts and mechanical agitation of furnace 
atmosphere simultaneously. 

It is submitted that in view of the above further explanation and 
argument, the final rejection of all the claims should be affirmed. 
E.J. Balluff, 3355 Penobscot Bldg. , Examiner 
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Plaintiff's Exhibit No. 1 
Paper No. 22 : 


U. S. PATENT OFFICE 
BOARD OF APPEALS 
RHI 
Appeal No. 333-89 


Hearing: 
July 16, 1953 


IN THE UNITED STATES PATENT OFFICE 
BEFORE THE BOARD OF APPEALS 


Ex parte John A. Dow 
Application for Patent filed May 6, 1947, Serial No. 746, 277. 
Heat treating Furnace and Method. 


E. J. Balluff for appellant. 


This is an appeal from the action of the Primary Examiner finally 
rejecting claims 30 through 56, all of the claims in the ae 

Claims 32 and 39 are representative. : 

32. A method of heat treating a batch of pieces of work ina 
confined atmospheric medium of a batch type furnace in which there are 
arranged a heat generating element and a heat absorbing element with 
the heat absorbing element arranged to absorb heat from said heat 
generating element, and which method comprises transferring heat by 
radiation from said heat generating element to said heat absorbing element 
until the latter has absorbed a substantial part of the heat required to 
bring a batch of work up to control temperature, arranging a batch of 
pieces of work in said atmospheric medium to absorb heat therefrom, 
then transferring heat by recirculating said medium ina predetermined 
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path over said heat generating element and said heat absorbing element 
and through said batch of work until a substantial portion of said quantity 
of heat absorbed by said heat absorbing element has been transferred 
P-179 to said work, and then reducing the rate at which heat is transferred 
from said heat generating element to said batch of work; said method 
involving the heat transfer to said batch of work at such rate that the 
rate of heating said batch of work is great enough to produce a relatively 
large temperature gradient in the batch of work during the first part of 
the work heating cycle, and low enough during the latter part of the work 
heating cycle to decrease the temperature gradient in said batch of work 
until the control temperature of said batch of work is approached. 
39. A batch type heat treating furnace comprising a heat insulated 
enclosure providing a chamber, means for supporting a batch of pieces 
of work in said chamber so as to permit the circulation of a gaseous heat- 
ing medium through said batch of work, a heating element and a heat 
absorbing element disposed in said chamber, said heating element being 
adapted to heat said heat absorbing element by the radiation of heat there- 
upon, a gaseous circulating medium confined within said chamber for 
transferring heat by convection from said heating element and said heat 


absorbing element to said work, means for effecting the forced recircu- 


lation of said medium in a predetermined path over said heat absorbing 
element and said heating element when the latter is operative and through 
said batch of work, said heat absorbing element consisting of a body 
comprising silicon carbide having a capacity for absorbing heat from 
said heating element greater than one-third of the heat required to bring 
a full load of said work to control temperature. 

The references relied upon are: 


Kelleher 1, 637, 486 Aug. 2, 1927 
Fitz Gerald 1, 646, 058 Oct. 18, 1927 
Smith 1,721, 840 July 23, 1929 
Benner et al 1,997, 622 Apr. 16, 1935 


The subject matter of the appeal is the heat treatment of metals 
such as, for example, case hardening of metal articles. Of the appealed 
claims 30 to 38 are for the method and 39 to 56 for the furnace to be 
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employed. The latter is essentially 2 batch type treating furnace con- 
taining heating elements, a means for supporting metal articles to be 
treated therein and means, like a fan, for circulating gases in said 
furnace, and heat absorbing material, such as silicon carbide, which, 
in the preferred embodiment, surrounds the heating elements. The 
capacity of the heat absorbing material named in certain apparatus claims 
. is given as varying from one-third to the full amount of heat required to 
bring a full load of work to control temperature, which in the illustration 
P-180 is 1500°F. In other claims the heat capacity is functionally or 
more broadly indicated. The method claims require that a substantial 
portion of the heat absorbed by the heat absorbing element be transferred 
to the metal articles treated. In the main, the method claims appear to 
merely recite the inherent operation of the furnace above described. 
The procedure and its alleged advantages have been more fully 
set out on Pages 1 to 16 of appellant's brief. Much of this is a discus- 
sion of the graphs of Figs. 7 and 8 which purport to compare the opera- 
tion of a furnace, such as Smith's or appellant's without the heat ab- 
sorbing elements, (Fig. 7) with the claimed furnace (Fig. 8). In his 
discussion of these graphs appellant points out that in the conventional 
furnace, illustrated by Fig. 7, the temperature gradient (difference in 
temperature between the top and bottom of the work load) increases 
continuously during the entire heating period reaching a maximum of 
380° at the end of the work heating period. This is compared with the 
operation of appellant's furnace, illustrated by Fig. 8, wherein the 
temperature gradient increases very rapidly during the first part of the 
work heating period, reaches a minimum at about the middle of this 
period and then increases somewhat until control temperature (1500°F) 
is reached, at which time the temperature gradient is about 240°, The 
graph is said to illustrate that much less time is required to equalize 
the temperature of all parts of the work and that the degree of processing 
will necessarily be more nearly uniform. Increase in the life of the 
heating elements, due to more rapid attainment of control temperature, 
is also pointed out as an additional advantage. Thus in Fig. 7, at 
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control temperature the heating element is at 1920° whereas, in Fig. 8, 
P-181 _ it is only 1720°. 

Claims 30 to 48 stand rejected as unpatentable over Benner et al 
taken with Smith or vice versa. Benner et al discloses a furnace for 
the heat treatment of metals, which furnace is provided with heat storage 
liners of silicon carbide of substantial thickness. The purpose of these 
is to store heat so that there may be an immediate transfer of a large 
amount of heat to a cold charge of metal, thereby decreasing the time 
necessary to heat such metal by radiation from the heating element 
alone and the more uniform application of heat to all parts of the charge. 
Smith discloses a batch type metal treating furnace having means for 
supporting metal articles to be treated and having heating elements 
disposed around the walls but inside the furnace and having means for 
circulating the gaseous atmosphere therein. It appears to be the Examiner's 
view that the use of gas circulating means in the Benner et al furnace is 
without invention in view of Smith or that to include heat storing elements 
in the Smith furnace is uninventive in view of Benner et al. The Examiner 
notes that the method claims are largely functional recitals without po- 
sitive steps to accomplish the result specified and hence assumes that 
the silicon carbide lining is what accomplishes the result and that this 
would therefore be attained by Benner et al as well. 

We are in agreement with the Examiner that the method claims are 
largely functional and whatever results are obtained must be largely due 
to the operation of the furnace with the heat storing silicon carbide material 
therein. The results achieved by appellant and stressed by him, mainly, 
reduction of time in heating the metal articles and uniformity of heating, 

P-182 are fully described by Benner et al. While the latter did not provide 
means for circulating the atmosphere within the furnace, we perceive no 
invention in view of Smith in providing such means. The inclusion of 
such a fan would merely accomplish the normal and expected function 
of such device. We have noted the portion of Smith, quoted by appellant, 
which cautions against the use of a furnace having large heat storing capa- 
city. However, we see nothing in this statement which would militate 
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against Benner et al employing gas circulating means within their 
furnace. | 
Claims 49 to 52 and 56 stand rejected as unpatentable over the 

foregoing combination of Benner et al and Smith additionally in view of 
Fitz Gerald or Kelleher. The latter are said to disclose surrounding 
the heating means in furnaces with heat storing means and therefore the 
Examiner regards it as uninventive to do likewise in Benner et al or Smith; 
further, that the particular physical form of the enclosure is a mere 
matter of design and not invention. The use of tubular heaters in claim 
56 is held to add nothing of patentable merit because such heaters are 
well known. Appellant's views are that Fitz Gerald and Kelleher add 
nothing whatever to the disclosure of Smith and Benner et al and further, 
that the heating elements of the latter are apparently not arranged in 
the same chamber as the work being processed. We are not impressed 
with this minor alleged difference and we think it requires no invention 
particularly in view of Fitz Gerald in surrounding the heating element 
with heat absorbing silicon carbide as clearly disclosed by this patent. 
Furthermore, as indicated by the other modification disclosed by appel- 
lant, the exact placement of the silicon carbide heat absorbing material 
is not especially critical. | 
P-183 There appears to be no controversy on the rejection of claims 53 

and 55 as not readable on the elected species hence this rejection will 

be affirmed. 

The decision of the Primary Examiner is affirmed. 


: 
' 


/s/C. 8. re Sr. 
Examinerin-Chief 


/s/N. R. Bp. 
Exam iner—in-Chief f 


/s/J. Schinimel . 
September 21, 1953 Examiner -in-Chief 
(Acting) 
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56 
control temperature the heating element is at 1920° whereas, in Fig. 8, 
P-181 __ it is only 1720°. 

Claims 30 to 48 stand rejected as unpatentable over Benner et al 
taken with Smith or vice versa. Benner et al discloses a furnace for 
the heat treatment of metals, which furnace is provided with heat storage 
liners of silicon carbide of substantial thickness. The purpose of these 
is to store heat so that there may be an immediate transfer of a large 
amount of heat to a cold charge of metal, thereby decreasing the time 
necessary to heat such metal by radiation from the heating element 
alone and the more uniform application of heat to all parts of the charge. 
Smith discloses a batch type metal treating furnace having means for 
supporting metal articles to be treated and having heating elements 
disposed around the walls but inside the furnace and having means for 


circulating the gaseous atmosphere therein. It appears to be the Examiner's 


view that the use of gas circulating means in the Benner et al furnace is 
without invention in view of Smith or that to include heat storing elements 
in the Smith furnace is uninventive in view of Benner et al. The Examiner 
notes that the method claims are largely functional recitals without po- 
sitive steps to accomplish the result specified and hence assumes that 
the silicon carbide lining is what accomplishes the result and that this 
would therefore be attained by Benner et al as well. 

We are in agreement with the Examiner that the method claims are 
largely functional and whatever results are obtained must be largely due 


to the operation of the furnace with the heat storing silicon carbide material 


therein. The results achieved by appellant and stressed by him, mainly, 
reduction of time in heating the metal articles and uniformity of heating, 
P-182 are fully described by Benner et al. While the latter did not provide 
means for circulating the atmos’ here within the furnace, we perceive no 
invention in view of Smith in providing such means. The inclusion of 
such a fan would merely accomplish the normal and expected function 
of such device. We have noted the portion of Smith, quoted by appellant, 
which cautions against the use of a furnace having large heat storing capa- 
city. However, we see nothing in this statement which would militate 
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against Benner et al employing gas circulating means within their 
furnace. 
Claims 49 to 52 and 56 stand rejected as unpatentable = the 
foregoing combination of Benner et al and Smith additionally ‘in view of 
Fitz Gerald or Kelleher. The latter are said to disclose surrounding 
the heating means in furnaces with heat storing means and therefore the 
Examiner regards it as uninventive to do likewise in Benner et al or Smith; 
further, that the particular physical form of the enclosure is a mere 
matter of design and not invention. The use of tubular heaters in claim 
56 is held to add nothing of patentable merit because such heaters are 
well known. Appellant's views are that Fitz Gerald and Kelleher add 
nothing whatever to the disclosure of Smith and Benner et al and further, 
that the heating elements of the latter are apparently not arranged in 
the same chamber as the work being processed. We are not impressed 
with this minor alleged difference and we think it requires no invention 
particularly in view of Fitz Gerald in surrounding the heating element 
with heat absorbing silicon carbide as clearly disclosed by this patent. 
Furthermore, as indicated by the other modification disclosed by appel- 
lant, the exact placement of the silicon carbide heat akong material 
is not especially critical. 
P-183 There appears to be no controversy on the rejection of claims 53 
and 55 as not readable on the elected species hence this rejection will 
be affirmed. 
The decision of the Primary Examiner is affirmed 


/s/C. S. Duncan, §r. 
thief 
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THE BENEFITS OF CONTROLLED CYCLE TIMING 


' With the DOWmatic HC-800, the process temperature 

|... time at heat . . . quenching time . . . oil tem- 
perature and oil propeller speed can be pre-set to 

' meet the most rigid metallurgical specifications, and 

‘the furnace will deliver load after load identically 
treated. The HC-800 will function as automatically 

‘ as you wish, according to the options you select for 
your furnace. 


CONTROLLED FURNACE PRESSURIZING 


’ The Dow furnace pressurizing system protects the 
' work from the time it enters the vestibule until it 
emerges from the quench completely processed. An 
"automatic valve controls the pressure variations 
which occur during load transfers, and also main- 
' tains a positive pressure within the unit during the 
processing cycle. Automatic purging controls the in- 
' flux of air when the outer door is open. A protective 
' blanket of atmosphere is maintained over the surface 
'_ of the sealed quench bath, preventing air contamina- 
tion of the oil. , 


CONTROLLED QUENCH OIL CIRCULATION 


_ Maximum hardness is achieved because every gallon 
"ef oil in the quench tank is cascaded down through 
' the load several times per minute by the powerful 
circulating propeller. Aufomatic temperature control 
' and the uniform flow of oil past the parts assures 
' minimum distortion. Hot oil quenching (190°-400°F.) 
and variable speed propeller operation offer the ulti- 
' mate in quenching control for distortion-sensitive 
parts. 


CONTROLLED ATMOSPHERE CIRCULATION 


Extremely rapid and uniform heating assures maxi- 
mum uniformity of case depth throughout the load. 
The high volume circulating fan draws the furnace 


(Controlled Atmosphere Circulation Continued) 


atmosphere up through the work, forces it down past 
the radiant tubes and back again 'to the work in a 
closed path. Proper location of the additive gas in- 
lets and thermocouple provides extremely close con- 
trol and unusual heat treating accuracy. 


%& THE DOWmatic HC-800 s ALSO AVAILABLE 
EQUIPPED FOR COMPLETELY AUTOMATIC 
OPERATION. THE OPERATOR MERELY ROLLS 
AWAY THE PROCESSED LOAD AND PLACES 
A GREEN LOAD BEFORE THE VESTIBULE DOOR. 
OR AUTOMATIC TRANSFER MECHANISMS 
CAN BE USED, IN ADDITION, TO MOVE THE 
WORK TO AND FROM THE FURNACE. 
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DOW BUILT-IN ENDOTHERMIC GAS GENERATOR 


The growing trend toward the integration of heat treating furnaces 
into production lines, makes Dow’s space-saving design an impor- 
tant feature. 


When you buy a Dow furnace, there is no separate generator to install, main- 
tain or occupy valuable floor space. 


Each radiant tube has a 24” alloy tube filled with nickel brick catalyst, a tube 
which is concentric with and extends through the firing leg of the radiant tube. 
The air-gas mixture from controls mounted on the furnace “cracks” as it goes 
through the catalyst and enters the furnace at the operating temperature. 


The enthusiastic acceptance of Dow users, ordering their second and third units, 
provides the best testimonial of the value of this type of atmosphere gas gener- 
ation. 


HEAT CAPACITOR 


In Dow furnaces, several hundred 
pounds of high specific heat refractory 
material surround each radiant tube 
and baffle the work chamber to form 
the atmosphere circulation path. In ad- 
dition, the heat stored in this material 
increases the rate of heating at the start 
of the heating cycle. Then, as the charge 
approaches the control temperature, 
the refractory material absorbs excess 
heat from the gas stream, so that the 
interior of the chamber and the charge 
reach the preset control temperature at 
the same time. 












Ge QSOTE OF FURNACE COMPARISONS! 


There is only one positive means of comparing furnace values: 
The actual net pounds per hour capacity of YOUR parts, sucess- 
fully heat treated to YOUR specifications — per dollar of invest- 
ment — for each unit being considered. | 


The Dow Furnace Company welcomes the opportunity to demon- 
strate the ability of Dow furnaces to deliver quality parts on a 
production basis — at a competive price. You will appreciate ‘the 


surprisingly low operating cost per pound. F i L E OD 


DEC 2 11956 
DOW COMPACT DESIGN PERMITS MAXIMUM Gers 


PRODUCTION PER UNIT OF FLOOR SPACE 


Today's high construction and building-maintenance costs make conservation of 
floor space a bigger factor in the selection of equipment. The compact, efficient 
design of Dow furnaces assures maximum use of floor area. 


For most applications, a battery of Dow furnaces will out-produce a continuous 
furnace installation using a comparable space. If floor space is a problem with 
you, Dow will prepare a floor plan layout to meet your space requirements. No 
cost or obligation. Write or call today. 


PRINTEO IN U.S.A, 


| FURNACE Fore” ee iceanieciidaa Re Ba 59, JU. 
COMPANY OLLED PHONE: KEnwood 2-9100 








MODEL 





80 0 _ Plaintiff's Exhibit No. 4 
.--Dow's answer fo 
Licks those a tough job! 


tough jobs Distortion problems in heat treating a port with 
e sections of varying thickness, such as the planetary 
gecr pictured below, have plagued metallurgists 





Slashes your Be exe. 
j ie aes Furthermore, all gear teeth must “unwind” accu 
a ” ade 
heat treat ae | ately and consistantly, load after load to elimine 
costs! | possible chatter and whine when placed in service. 


The Dow Model “J” furnace with Hot Oil © 
and No-Gap, Sealed Cycle operatior licked this toug 
job and can handle other such difficult pieces 
minimum distortion, unusually clean surfaces, ac 
dimensions, uniform hardness, batch after batch 
reasonable care. 


The typical load shown in the production 


below was pre-heated, heated, and quenched 
air touching it after the initial loading. 


*"NO-GAP” OPERATION—A batch type furnace with less than 30 seconds 
between loads. Work chamber is never exposed to air. Loading is 
accomplished while slow cooling or quenching a previous load. 


GREATER PRODUCTION—Actual field operation has proven conclusively 
that the Dow Model J-800 will easily bring 800 pounds from room l 
temperature to 1500° F in less than one hour. 


PRODUCTION REPORT 

COMPACT CONSTRUCTION—Occupies floor area of only 7’10” x 14/4” | 

giving maximum production for minimum floor space. FURNACE—Medel J. PART—Planetary Sun Gear); 
MATERIAL—SAE 1330 WEIGHT—1.3 Ibs. per 


HEAT TREATMENT 


PROCESS—Carbonitride TEMPERATURE—1508° F 
EFFECTIVE CASE DEPTH—0.810” - 0.012” HARDNESS—Reckwell C 





VERSATILITY—Ideal for carbonitriding, gas carburizing, clean hardening 
and carbon restoration. Hot oil quenching and atmosphere cooling 
equipment available. 


EXCLUSIVE FEATURES —High capacity fan combined with heat capacitor 
assures uniform case depth throughout each load « Forced circula- 


tion of quench oil assures uniform hardness with minimum distortion HOT OIL QUENCH—350° F TARE LOAB—178 Ibs. 
© Sealed quench tank gives cleaner stock—minimizes fire hazard. WET LOAD—Hand leaded in 4 layers separated by 3 screens. 68 
per layer, 249 pieces per lead, 312 Ibs. per lead. 
TIME CYCLE ment PR 
FURNACE MEATING TIME—{(312 ths. + 170 Ibs.) x 258 BTU per th. _ ge 
WOLD AT HEAT TIME ne = 1.14 
COMPAN Luality ce your ouyne + wmoanine TIME =m 
beat tnvestment TOTAL TIME CYCLE 15 
12045 Woodbine Ave., Detroit 39, Mich. 
Phone: KEnwood 2-9100 CAPACITY 
| 22 ths. per lead = _ 178 pounds por beer 
LET DOW SHOW YOU HOW TO TURN THOSE iaiaead 
a ate eda TTalae ale ~— a2 = 137 hea 


~ UNSURPASSED 


QUALITY 


' Combines the operating economies of 

| large continuous furnaces with the 
flexibility of batch-type equipment. Positive, 

, directed flow of furnace atmosphere through 

: lead, combined with the “heat capacitor” 

. @ssures rapid, uniform heating on dense, 

: bulk-looded ports and even on light case 
work, 



















GREATER 
PRODUCTION 


| The Dow Furnace has established 
production records in plants through- 
out the country. Forced, uniform quenching 
from atmosphere gives full hardness, reduces 
distortion, eliminates decorburization. One 
| mon can operate two furnaces with ease, 
' producing os much as 1500-Ibs, of light case 
work per hour. 


WIDER 























Whether it’s gas cyaniding, gas car- © 
| burizing, clean hardening or carbon 
i restoration work, the Dow Furnace is 

capable of processing a variety of ports 

having a wide range of heat treatments. To 

demonstrate the close tolerances of heat 

treatments, send us samples of your own 

parts for processing. 


————> AT LOWER COSTS 


Reductions in direct labor, material handling, 
machining ond cleaning costs, coupled with im- 
proved quality, have resulted in savings amortizing 
the original cost of the Dow Furnace in ao few 
months. Gas cyanides for % to % the cost of 
liquid cyaniding. 








FIRST 
WITH MECHANIZED BATCH.-TYPE 
CONTROLLED ATMOSPHERE FURNACES 


12045 Woodbine Ave. « Detroit 28, Michigan 
KEnwood 2-9100 
















PACKARD MOTOR CAR COMPANY 


Plaintiff's Exhibit No. 5-A 


COMPANIES USING 
DOW EQUIPMENT 


AMERICAN METAL PRODUCTS CO. 

Detroit, Michigan 
BOSWORTH STEEL TREATING CO. 

! Detroit, Michigan 
BUICK MOTOR DIVISION 

Flint, Michigan 
CHEVROLET BAY CITY DIV. 

i Bay Cty, Michigan 
CHEVROLET FLINT MFG: DIV. 

Flint, Michigan 
CHRYSLER CORPORATION 

_ Highland Pork, Michigan 
COMMERCIAL STEEL TREATING CORP. 

! Detroit, Michigan 
JOHN DEERE DUBUQUE TRACTOR WORKS 

a Dubuque, lowa 


DELCO REMY DIVISION 
: Anderson, Indiana 


DETROIT TRANSMISSION DIVISION 

| Detroit, Michigan 
FORD MOTOR COMPANY 
Dearborn, Michigan 
G. M. RESEARCH LAB.’ DIV. 

| Detroit, Michigan 
G. M. TRUCK & COACH DIV. 

Pontiac, Michigan 
INTERNATIONAL BUSINESS MACHINES CORP. 

Poughkeepsie, New York 
MORSE CHAIN COMPANY 

Ithaca, New York 


OLDSMOBILE DIVISION G. M. 
: are 


—T 
PERFECTION TOOL & HEAT TREATING CO. 
Chicago, Illinois 
J. W. REX COMPANY | 
' Lansdale, Pennsylvania 
STUDEBAKER CORPORATION 
! South Bend, Indiana 
VINCENT STEEL PROCESS COMPANY 
} Detroit, Michigan 
WARNER GEAR DIVISION 
Muncie, Indiana 


The preceding firms are at pres- 


_ent using one or more Dow 


Controlled Atmosphere Fur- 
naces, Dow Draw Furnaces and 
Dow Wash Machines. 
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Plaintiff's Exhibit No. 5B 


Filed December 21, 1956 


THE DOW FURNACE CO. * * * 


ADDITIONAL COMPANIES USING DOW EQUIPMENT 


AC Spark Plug Division 
Aircraft Engine Division 
Axle Division 
Chevrolet Aviation 
Engine Division 
John Deere Waterloo 
Tractor Works 
Dodge Division 
Dura Division 
Ferro Stamping and 
Manufacturing Co. 
Lansing Heat Treating Co. 
Marvel-Schebler Products 
Div. 


Perfection Heat Treating Co. 


Pontiac Motor Division 


Rochester Products Division 


Saginaw Steering Gear Div. 
S.K.S. Heat Treating Co. 
Stanley Tools 

Steel Treat, Incorporated 


Supreme Products Company 


General Motors Corp. 
Ford Motor Company 


Eaton Manufacturing Co. 


General Motors Corp. 


Deere Manufacturing Co. 


Chrysler Corporation 
Detroit Harvester Co. 


Borg-Warner Corp. 
General Motors Corp. 
General Motors Corp. 


General Motors Corp. 


The Stanley Works 


Flint, Michigan 
Chicago, Illinois 
Cleveland, Ohio 


Flint, Michigan 


Waterloo, Iowa 
Indianapolis, Ind. 
Toledo, Ohio 


Mt. Pleasant, Mich. 
Lansing, Michigan 


Decatur, Ilinois 
Detroit, Michigan 
Pontiac, Michigan 
Rochester, N. Y. 
Saginaw, Michigan 
Flint, Michigan 
Newark, N.J. 
Detroit, Michigan 
Chicago, Illinois 


DLTES 


By J. A. Dow 


President, Dow Furnace Co. 
Detroit 


NO G 


CA $317- FF 
Ata VW WATSON 


Plaintiff's Exhibit No. 6 


A New Batch-Type 


Gas Cyaniding Furnace 


Advantages of the continuous gas cyaniding fur- 
nace, at less first cost for equipment, are secured 
in a batch-type furnace with work contained in 
shallow boxes charged and discharged through a 
vestibule at one end. Innovations are in methods 
of rapid heating of cold charge by an interchange 
of heat with an “‘accumulator”’ built into the furnace 
walls, the continuous adjustment of gas atmosphere 
to the work temperature by an ingenious placement 
of catalyst tubes, and oil quenching by a down-rush 
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pendently. ape jke other 
well-known alloying elenfehts’ of steel, 
reduces the critical quenching speed, 
and can readily be varied in the gas 
process to form a quenched microstruc- 
ture of any desired relative content of 
martensite and austenite. 

The continuous furnace is, how- 
ever, limited in application to relatively 
high production of like parts, or parts 
requiring the same temperature of treat- 
ment and case depth.’ Industry’s need 
for a batch-type furnace, with its lower 
initial cost and greater adaptability in 
operation, has long been recognized by 
all furnace engineers, but attempts to 
pattern a lower capacity batch furnace 


of a cascade of liquid. 


ee or cyaniding with gas, has 
now become well established as a low cost 
substitute for the traditional cyanide pot, and 
bids fair to replace it in a few years as the 
established method of obtaining a thin, file-hard 
case on parts made of low-carbon steel. Some 40 
or more continuous furnaces are daily caseharden- 
ing all types of parts normally cyanided, with a 
direct cost (including labor) of little more than 
the cost of the cyanide drag-out of liquid cyanid- 
ing. Total costs of less than %¢ per lb. are not 
uncommon. 

In contrast to what may be called the wet 
method, all gas cyanided parts are quenched in 
oil, unless core hardness specification requires 
the faster quenching rate of water. For this rea- 
son distortion is much reduced, and local harden- 
ing with its attendant high labor cost is rarely 
found necessary. This feature of the gas process 
was ably presented by Walter H. Holcroft in his 
article in September’s Metal Progress. He pointed 
out that the advantage lies in being able to vary 
the carbon and nitrogen contents of the case inde- 


e 
tsfore pre) rr, 


after the continuous. furnace design 

have invariably led to a furnace too 

costly for its output. This high cost 
seemed unavoidable, due to the expensive mech- 
anisms required for heating and sealing the fur- 
nace, and handling the work, as well as to the cost 
of the very necessary gas generator. 

A three-fold development program, undertaken 
some years ago, has now resulted in a new type of 
furnace, well tested by eight months of continuous, 
trouble-free operation by one of the leading auto- 
mobile makers. The furnace incorporates innova- 
tions in heating and quenching and a marked 
simplification of the gas generator. It has operat- 
ing costs that compare very favorably with the 
continuous furnace, and the adaptability inherent 
to the batch-type. The three major developments 
are described in the following paragraphs. 

Higher Speed Heating — Radiation from elec- 
tric elements or gas-fired radiant tubes was 
quickly discarded as the prime method of heat 
transfer, since it involved single layer heating 
with two attendant drawbacks — namely, continu- 
ous attention of the operator, and a very large 
furnace for case depths-of more than 0.001 or 
0.002 in. Convection h Hing, ‘as conventionally 
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ing to exceed these case 
depths is illustrated in Fig. 5. 
Although the steel near 
the surface of the plate was 
heated to a much higher 
temperature than it would 
attain in the normal harden- 
ing process in a furnace, the 
grain was not excessively 
coarsened at the surface. 
This was due to the short 
time the material remained 
at high temperature. A typi- 
cal microsection through the 
surface of a flame hardened 
plate is shown in Fig. 6. 
Several plates were 
hardened in which the 
amount of overlap between 
successive passes was varied. 
Typical examples for 1-in. 
plate are shown in Fig. 2. It 




















Fig. 6 — Microstructure of Case 
at Top Surface. Nital etch; 
400 X. Layers above marten- 
sitic body are of undetermined 
nature — possibly a scale effect 





in tension. With the thicker 
plates of 12x18-in. size, dis- 
tortion was slight, but in 
¥%-in. plate it became serious 
enough to interfere with the 
proper operation of the 
equipment. To overcome 
most of this distortion, the 
thin plate was bolted to a 
rigid frame during the 
hardening process. 

Even with 1-in. plates, 
the over-all distortion when 
surface areas of 36x36 in. 
were hardened became so 
great that straightening was 
necessary. Such straighten- 
ing often cracked the hard- 
ened layer. Maximum 
distortion in 1x36x36-in. 
plate is illustrated in Fig. 7. 
Attempts to overcome dis- 


was found that a minimum 
overlap of 1 in. (shown sec- 
ond from bottom as 2-R-8) was necessary to pro- 
duce a uniform case contour. However, it was 
impossible to obtain uniform hardness across the 
overlapped region because of the tempering effect 
of the successive pass on the previously hardened 
case. Such a tempered region may be noted in 
Fig. 2 and 5 by the variations in etching response 
of the structure at the overlap and by the lowered 
hardness at that point in Fig. 4. 


Distortion, Straightening and Cracking 


The major problems encountered in the flame 
hardening of armor plate were the control of dis- 
tortion and cracking, in turn produced by the 
drastic differential heating and cooling that is 
characteristic of this process. — 

In general, the distortion was such that the 
hardened layer was the concave face of the plate. 
This resulted from the expansion and upsetting 
of the heated face which, on cooling, was placed 
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tortion by prebending the 
plate were unsuccessful, for 
differences in the residual stress condition from 
one plate to the next produced an unpredictable 
movement during hardening and prevented exact 
calculation of proper amount of prebending. 


Summary 


It is a comparatively simple matter to 
produce hardened layers of appreciable thickness 
on steel by the flame hardening method, as has 
been previously shown by the successful applica- 
tion of this process to the surface hardening of 
gear teeth, valve stem ends, and many other 
machine parts. However, when the width of the 
required case is greater than can be hardened by 
a single pass of the torch, and the mass or area is 
such that an oscillating progress of the flame is 
impracticable, a uniform metallurgical structure 
cannot be obtained across the overlap region. In 
all instances a softened edge will exist in the prior 
passes due to the reheating effect of the subse- 
quent passes. This extends throughout 
the previously hardened surface. Although 
distortion may be negligible where the 
case is shallow and where the unhardened 
metal is sufficiently rigid, it may readily 
become excessive in the flame hardening of 
flat plates of considerable area. e 


Fig. 7 — Maximum Distortion in a 36236-In. Piece 
of 1-In. Armor Plate After Flame Hardening. The 
hardened surface is up and has become concave 














To accomplish this desired result and by a much 
simpler mechanism, a “heat capacitor” was devel- 
oped, in the form of refractory masses of high 
specific heat surrounding the radiant tubes. When 
a fresh load of work is put into a hot furnace, this 
heat capacitor gives off heat to the circulating 
gases at a very rapid rate, augmenting that given 
off by the radiant tubes. As the stock approaches 
its critical temperature, however, the heat capaci- 
tor has been cooled to a point where it actually 
becomes a heat absorber, and stores a large part 
of the heat produced by the radiant tubes whose 
temperature is maintained at a higher level by the 
action of proper automatic control mechanisms. 
The heat absorbing mass receives this heat through 


Fig. 2 -— Group of Small Parts, Gas Cyanided 


direct radiation, thereby reducing the amount of 
heat which must be handled by the circulating 
gases. Through this action of the heat capacitor, 
the gradient in temperature through the load, as 
it approaches control temperature, is less than 
one tenth that of the early heating period —in 
fact, it is of such a low value that a case variation 
of +0.001 in. is found on parts of a load quenched 
only 5 min. after the control thermocouple indi- 
cates control temperature is reached. 
Quenching — The heating of bulk loaded parts 


adequately solved, the problem of quenching this 


mass of parts came to a head. A series of tests 
was devised in which S.A.E. 1335 bolts were 


imbedded in a load of %-in: diameter button 
headed rivets, % in. long. The box was fitted with 
a wire screen bottom, and was arranged to fit a 
quenching elevator sealed by leather bands in a 
small quench tank. As the elevator dropped, it 
acted as a piston forcing oil up through the box of 
parts resting on it. On the first test, the bolts and 
rivets were floated clear out of the box! 

The final design of quench tank uses a pro- 
peller driving the oil past a partition so it takes a 
closed circulating path; thus the oil is forcibly 
drawn down through the work baskets in 
extremely high volume. This lis a far cry from 
the more or less uncontrolled agitation of a bath 
induced by a propeller in an open tank, where no 
pressure differential across the load can 
be developed. 

Ample experience with this new 
design proves that loads of densely 
packed. parts of S.A.E. 1335 steel can be 
‘oil quenched to a core hardness within 
the range of 2.60 to 2.70 mm. impression 
diameter (Brinell 555 to 514), the range 
regularly obtained on the same part 
quenched singly into a |deep oil tank from 
a recently built conveyer furnace. 


Gas Genirator 


Adequate control of gas carburizing 
or gas cyaniding it based on the premise 
of an adequate supply of uniform quality 
generator gas of American Gas Assoc.’s 
Class 302.* Unless the carbon dioxide 
and moisture content of this gas is very 
low and constant, a variation in case 
quality is unavoidable. This gas is con- 
veniently made in a gas generator operat- 
ing at a temperature of at least 1750° F. 
—normally a separate furnace structure 
having its own heating equipment and 
temperature controls, and involving con- 
siderable cost of manufacture. 

It was discovered that if the quantity of gas 
taken from such a gas generator were reduced, its 
operating temperature could be reduced, but it 
must at all times be considerably hotter than the 
furnace in which its gas is to be used if a gas of 
adequate quality is to be produced. (By “adequate 
quality” is meant the negative; attribute of being 
powerless to scale or decarburize the steel at work- 
ing temperatures, and the positive attribute of 
being a proper carrier of carbon and nitrogen to 





*An endothermic base, completely reacted gas-air 
mixture, with formation of water vapor held to a 
minimum by the use of a catalyst in the reactor. See 
Metal Progress Data Sheet, August 1947, p. 256-B. 


done with atmospheres circulating from external 
heater to furnace chamber, was far from satisfac- 
tory. This is due to the wide variation in tem- 
perature normally existing in different parts of the 
load when approaching control temperature, and 
to the long time interval between the first and last 
pieces of the load reaching control temperature. 
To properly evaluate this in light case work, it 
should be recognized that a case of 0.007 in. can 
be produced in 15 min. at 1550°F. A variation 
in time at heat of even this small amount can 
therefore cause an excessive nonuniformity of 
case. Convection heating was, however, chosen 
over radiation as holding the greater promise for 
improvement. 

An analysis of convection heating furnaces 
showed that containers of small cross section and 
relatively great depth, when filled with small parts, 
offered an excessive resistance to a high volume of 
air flow. Some considerable improvement in 


heating characteristics was obtained by greatly 
increasing the cross-sectional area of the work 
containers, and at the same time reducing their 
depth. This improvement did not, however, prove 
adequate, although it did permit a lower fan speed, 
and this has saved much maintenance expense. 
Later work provided a simple and very effective 
solution. 

It was reasoned a high temperature gradient 
through a load was inconsequential below the 
critical of the steel, provided the gradient could be 
reduced in the later stages of the heating cycle and 
before the first of the parts reached case-forming 
temperature. A very, very high heat input in the 
early part of the heating cycle, followed by a 
reduced heat input toward the end, would produce 
this pattern of temperature gradient with no sac- 
rifice in over-all heating time, but this seemed to 
indicate that the number of heating elements or 
radiant tubes must be largely increased in number. 


Fig. 1— Batch-Type Carbo-Nitriding Furnace, Viewed From Charg- 
ing (and Quenching) End. Unique features include atmosphere- 
generating tubes within the radiant tubes that heat the furnace 
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The First Successful Photograph of Steel Surface Made With an Electron Microscope 


Pearlite at 24,000 X. Photograph made in 1940 in V. K. Zworykin’s lab- — 
oratory (Radio Corp. of America) by Robert F. Mehl, E. G. Ramberg 
and R. F. Baker. Single replica method, using the plastic “Vinylite” 








the steel’s surface.) The gas generator of the fur- 
nace, whose photograph is reproduced as Fig. 1, 
consists of six tubes of small diameter, inside the 
burner leg of each of the six heating tubes. The 
generator tubes are concentric with the larger 
heating tubes and extend through them. They are 
welded to the return-bend elbows, and are free to 
expand through gasketed joints in the burner 
head. These generator tubes are filled with a con- 
ventional type of catalyst and are fed with the 
conventional mixtures of air and natural gas or 
propane. 

These inner atmosphere-generator tubes 
extract heat from the gas burning in the annular 
combustion space at a much faster rate than 
required for the endothermic reactions going on 
within them, and so become considerably hotter 
than the exterior surfaces of the radiant tubes 
which, in turn, operate hotter than the furnace at 
all times. (An unconventional burner design and 
system of temperature control maintains a high 
temperature difference between the generator tube 
and the furnace on low firing, without in turn 
causing this difference to be excessive on high 
setting.) On account of this continuous tempera- 
ture differential between gas generator and furnace 
load, the gas atmosphere produced is automatically 
varied in CO:CO,:H,:H,O:CH, equilibrium so 
it has “adequate quality” —in the sense defined 
above — for medium-high carbon steel throughout 
the entire heating and carbo-nitriding cycle. 

A further gain is obtained from the circum- 
stance that such a concentric arrangement 
increases the heat extraction rate from the burn- 
ing gas, and permits operation of the tubes at 
approximately 50% greater capacity than the 
usual practice, with no sacrifice in efficiency of 
combustion, as proven by metering the gas used. 


Furnace Operation 


The photograph on page 985 is of the first 
production furnace embodying the developments 
described above. The furnace was installed in an 
automotive plant in Michigan in April 1947, and 
has been in continuous operation since then, 
except for a period of one month, when a sudden 
appearance of sulphur in the natural gas necessi- 
tated the installation of a bank of propane cylin- 
ders for the gas generator and carburizing 
addition. Maintenance has been negligible. 

Four trays and work boxes compose a furnace 
load. Each container is approximately 12x18x12 
in. high. A 500-lb. net load of anything from nuts 
to stampings is heated to control temperature in 
86 min., and is held at heat from 5 min. to 1 hr., 
depending on the case depth specified. The load- 


ing and unloading time is 8 to 10 min. Two trays 
are quenched at a time through the vestibule to be 
observed under the control machinery at the front 
of the furnace. The vestibule’s outer door is at 
the end of the short rails on the loading conveyer; 
the vestibule’s inner door is a heavy refractory 
slab which is lifted into the housing seen immedi- 
ately behind the control machinery. The floor of 
this vestibule is the platform of an elevator, and 
the hot load is lowered into the quenching oil and 
a powerful rush of oil drawn through by sub- 
merged pump (as indicated in the previous gen- 
eral description). The hot parts thus do not 
contact air and are gray in color after quenching. 

Both the Mner and outer vestibule doors are 
opened momentarily for loading, and the trays are 
loaded across the quenching elevator, whose plat- 
form is equipped with gravity rolls. The elevator 
and inner door are motor operated. 

Companion wash machines and tempering 
furnaces have been designed for handling parts 
without emptying them from the hardening fur- 
nace boxes. 

The commonly specified 0.003-in. cyanided 
case is formed in about 10 min. at heat, giving a 
total Pt holding time of 46 min. for 500 

Bib. ro a floor-to-floor time of 56 min. 
ae eae is required at the furnace only about 
hic Wasy hour, leaving 50 min. to load and 
unload pled and attend to other furnaces. 
an’s time allotted to the furnace, 
the direct operating cost of the load described, 
including labor, fuel, generator gas, carburizing 
addition, ammonia, electricity and a generous 
allowance for maintenance is between $0.003 and 
$0.004 per Ib. treated. (It is recognized that fur- 
naces can rarely be operated continuously at rated 
capacity, and that average costs over a long period 
will be somewhat higher.) 

Since water quenching is unnecessary, distor- 
tion is greatly reduced. In the installation photo- 
graphed, parts, which in previous practice were 
locally treated in liquid cyanide and straightened 
after quenching, are now treated all over and the 
straightening is eliminated. The entire quantity of 
parts previously treated in two electrically heated 
cyanide pots is now being handled by this fur- 
nace, and there is considerable excess capacity 
which has been assigned to parts requiring a case 
depth of approximately 0.040 in. With a slight 
ammonia addition to the carburizing gas, these 
deeper cased parts also quench out in oil. 

Summarizing, the furnace has completely 
eliminated liquid bath heat treatment of produc- 
tion parts in this large automotive plant, and is 
being found to be a’ cost saver on an ever increas- 
ing list of parts. Pe] 
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Plaintiff's Exhibit No. 7 


The following calculations show that the total time cycle, (preheat 
time plus load time) is approximately the same whether the furnace is 
lined with the silicon carbide material or the insulation. : 


The amount of heat required to raise the temperature of an object is: 
Q= Wx Cy zAT | 


where Q = Quantity of heat in calories 


Cc = Specific heat of the material 

P (0. 143 cal. /gram/°C, is the 
specific heat of steel) 

= Temperature difference, "C. 

= Weight of load in grams | 


Heat required to heat a load of W grams of steel from 25°C to 1000°C. : 


Qy, W x 0. 143 cal/gram°C x (1000-25) 
139.4 x W 
Heat supplied by lining when heating load: 


The Silicon carbide (SIC) lining supplies heat at a rate of 
645, 000 cal. /min. for the 10 minutes the load is in the 
furnace, 


= 6, 450, 000 cal. 


The insulation lining if used instead of the silicon carbide 
supplies heat at a rate of 8,000 cal. /min. for the 90 | 
minutes the load is in the furnace. ! 


= 1720, 000 cal. 
Let rate of heat supply by heating elements = Q,, cal. /min. i 


then Q, = = Heat required by load - Heat supplied by sue 
eating time | 


For the SiC lining, the load heating time is 10 minutes 


and Q, = 139.4W - 6,450,000 _— cal. /min. 
10 





69-a | 


For the insulation lining, the load heating time is 90 minutes. 


and Qe 139.4W - 720,000 cal. /min. 
now Q = 139.4W_ - 6,450, 000 = 139.4W - 720,000 
10 90 


and, solving for W, 
W -= 51,400 grams, (approximately 115 lbs.) 
thus Qa. = 139.4W = 7, 165, 160 cal. 


and Q, = Q  - ~—«6, 450,000 = ~—*'71, 516 cal. /min. 
10 


Total Cycle with Silicon Carbide lining 
The total operating cycle is the preheating time plus the time the 


eRe meen at “SH 


load is in the furnace. We have seen that the heat supplied by the t 
SiClining is 6, 450, 000 cals during the 10 minutes the load is in the ? 
furnace. This heat must be added to the lining during the preheating 
from 1000 to 1350°C. If the lining could be heated at the same rate as 
that at which it supplies heat to the load, it would take 10 minutes for 
preheating plus 10 minutes for the load making a total time of 20 minutes. 
However, the element can supply heat only at a constant rate, 

Qe = 71,516 cal. /min. Thus the time to preheat the lining is: 


6, 450, 000 cal. = 90.2 minutes 
71, 516 cal/min 


Thus the total time for preheating and for the load is 90.2 plus 10 or 

100.2 minutes. This total time of approximately 100 minutes agrees 

with Benner's statement Page two, Col. 1, line 12, et. seq: "The time 

of heating for a massive charge of metal can be decreased to approximately 
one-tenth that when the charge is heated by radiation from the resistor 
alone...." 


Total Cycle with Insulation Lining 
The heat supplied by the insulation lining to the load is 8, 000 


cals. /min. for 90 minutes, or 720, 000 cal. 


69-b 
The element can supply heat only at a constant rate, 
Q, 71, 516 cal. /min. 


Thus the preheat time for the insulation lining is: 
720, 000 cal. = 10.1 minutes 


71, 516 cal/min ° 


| 
| 


Thus the total time for preheating and for the load is 10.1 plus 90 or 
100. 1 minutes. | 


It can be seen therefore that the total time for preheating the furnace 
and for heating the load does not depend on the lining material. 
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THE DOW FURNACE (0. 12045 WOODBINE AVE. °° DETROIT 39, MICHIGAN « KENWOOD 32-9100 
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TEMPERATURE UNIFORMITY TEST 


Test performed on Dow furmace, Serial No. J-7, installed at Bosworth Steel 
Treating Company, Detroit, Michigan, May 20, 1955 


Curve 1 - Temperature of gas leaving heater and entering load 
Curve 2 - Temperature of gas leaving load 

Curwe 3 - Estimated curve of temperature of parts at bottom of load 
Curve 4 - Average rate of heating 


Load consisted of steel collars, approximately 2" O.D., 1" LD., 3/4" high, 


loaded with their axes vertical in eight identical layers, each separated by 
screens, 


Net weight of collars - 506 pounds; gross weight of load including box, tray 
and separating screens - 656 pounds. 
Control temperature - 1550°F 
Time for contro] thermocouple to reach control temperature - 48 minutes 
Total furnace time - 69 minutes 
Case Depth 

Top of load: 0.008" - 0,009" 

Bottom of load: 0.006" - 0.007" 


Weight of heat capacitor - 1528 lbs. Heat content of capacitor at 1550°F, - 518,000BT 


Heat required to raise load from room temperature to 1550°F, - 158,000 BTU 
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QUESTIONS and ANSWERS 
By Arne E. Uitti 


QuEsTion: (from a tool department) 
How would you suggest instructions be 
written for obtaining correct heat treat- 
ment. We might add that our experi- 
ence in heat treating is limited, to 
avoid misinterpretation, and we would 
like to present our order as clearly as 
possible. R.W.F. 

Answer: We are pleased to have a tool 
department show an interest in the 
heat treating department. We would 
suggest that your orders show all the 
following information: (1) Identity of 
material by trade name or analysis. 
(2) Description of the part, such as 
punch, shedder, lamination die, etc. 
(3) The physical properties and hard- 
ness desired in a Rockwell, or Brinell 
range, etc. (4) Specification of where 
the part must be hard; this is impor- 
tant as selective hardening may be less 
hazardous and/or more economical. 
(5) The maximum dimensional toler- 
ances. 


question: Please advise if straightening 
of Molybdenum high speed steels is 
more difficult than the Tungsten types? 

M.J.W. 
Answer: Our experiences indicate that 
the same practices should be observed 
in both types of high speed steel and 
no serious difference has been noted. 
Note: the following procedures are 
commonly used: (1) Bulk of straight- 
ening should be accomplished in the 
as-quenched condition between the 
temperature ranges of gooF. to 500°F. 
The use of tempil sticks is recom- 
mended. (2) Some straightening can 
be performed after the first tempering 
operation but it is less effective than 
immediately after the quenching opera- 
tion. After the second tempering, 
straightening is extremely difficult and 
any correction must be done with ex- 
treme caution. 


Question: What can you suggest for the 
cleaning of intricate plastic and die 
casting mold dies after heat treating? 

Dd. Ww 


Answer: Two very successful cleaning 
methods used are: 1. Cleaning of the 
surface by a liquid blasting with a fine 
abrasive in suspension, the abrasives 
used are approximately goo mesh or 
finer and will not damage feather edges 
if reasonable precautions are used. 
2. Electrolytic cleaning where the sur- 
face oxides are reduced and replaced 
with a plate and this is subsequently 
removed. 

(Continued on page 76) 
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MAC'S COLUMN 





HAS ANYBODY HERE SEEN KELLY? 


BACK IN THE pays when I sported my first pair of yellow shoes, Tim 
Casey's billiard parlor on Chicago's great west side was a cherished 
hang-out for young gents in the neighborhood. A whimwham or fad 
called “Kelly Pool” was in full swing in pool rooms at the time. Like 
every cue rattling establishment, Tim Casey’s place also had a “shark.” 


.The title went to big, lanky Ed Miller who was droopy eyed, slow, easy 


going and often accused of drinking “can heat.” After he had hooked © 
an unsuspecting chump into a friendly game of “Kelly,” and at a time 
when the stakes were just right, he'd swing into action with eyes flashing, 
a crooked little smile, and the game would be over before the “rube” 
would have a chance to swing a cue. 

You've probably been wondering what Kelly pool has to do with heat 
treating or the steel industry as far as that goes, Perhaps I’m reaching, 
but I think it will be better remembered because of my stumbling 
approach. Kelly, the inventor of a pool game, played with fifteen clay 
balls and one of ivory, is practically a member of “Who's Who” in early 
Americana, while still another Kelly, inventor of what we incorrectly 
named the “Bessemer Process,” goes completely unremembered. 

William Kelly,.who was the first to succeed in converting pig-iron 
directly into metal which was malleable, in one process, at a great 
saving in time and fuel, paved the way and made possible the fabulous 
steel industry as we know it today. Bessemer, an English Metallurgist, 
began independent experiments with a similar process in 1854—seven. 
years after Kelly started his. Through one of those, queer turns of 
fortune, Bessemer’s process became better known and-is named after 
him to this day, although Kelly was the first inventor. Adding to the 
lop-sided justice of this story, Kelly received $450,000.00 from his inven.’ | 
tion (which isn’t exactly peanuts) while Bowens received over 
$10,000,000.00. 

I feel sure they don’t have pool cies bial dial iatiag pine 0 
heaven. But, if they do, I can imagine seeing a distinguished looking 
old gent saying to another with a twinkle in his eye: Mr. Kelly, how 


about a friendly a of Bessemer!” . 
“Mac” 





SURFACE HARDENING 
WHY AND HOW 


PART 1 


By Norman O. Kates 


THE QUESTION of “why surface harden” 
is best answered by stating that specific 
engineering requirements make it nec- 
essary for the engineer to produce steel 
parts which possess a hard wear resist- 
ant surface and at the same time have 
an underlying core which is tough or 
soft. In brief what is desired is a com- 


posite steel to satisfy pertinent physical | 


properties. 


It is possible, therefore, to select a | 


steel of low, medium or high carbon 
content, with or without alloy and pro- 
vide surface hardening by three meth- 
ods. 


z. Altering surface composition utiliz- | 


ing a solid, gaseous or liquid medium. 


2. Obtaining surface hardness by local- 
ized heating and quenching without 


altering surface chemistry. This is ac- ' 
complished by induction and flame | 


hardening methods. 
3. The heat treatment in conventional 


heat treating furnaces of shallow hard-— 
ening carbon, and/or carbon-lean alloy | 


steels-producing a hard case and tough 


core. This is highly desirable for cer- ' 


tain industrial tool requirements. 


Various methods of surface harden-| 
ing may over lap. Thus, many types of | 


parts can be satisfactorily surface hard- | 
ened economically utilizing the three | 
methods mentioned. 

In making a selection of a sertica 
hardening method it is necessary to’ 
take into consideration the following | 
factors: 
1. Design, size and weight of the parts. 
2. Type, or analysis of the steels being 


used. 
(Continued on page 76) 
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NEW REVISED BOOKLET ON 
TOOLROOM PLANNING 


“How To Plan Your Toolroom Heat 
Treating Department,’ has been brought 


"up-to-date and reprinted in form simi- 


lar to the original booklet. Additional 
information has been included on in- 
duction equipment for selective heat- 
ing, and also a section has been devoted 
to the famous Lindberg “L-type” fur- 
nace used for bright hardening of high 
speed tools. This new booklet is avail- 
able without cost to all interested 





It is a practical discussion prepared 
to assist those planning new, enlarged 
or, changed toolroom heat treating 
departments. 

Material in this booklet is based on 
information gained from helping in the 
design of hundreds of toolrooms—plus 
additional information gathered from 
the experiences of our associate, Lind- 
berg Steel Treating Company, who 
operate one of the world’s largest tool- 
room heat treating departments. 

It tells how much a complete tool- 
room heat treating department will 
cost,—how to select furnaces of the 
proper size—shows recommended lay- 
outs—gives approximate floor space re- 
quirements—and shows prices of auxil- 
iary*equipment such as tongs, quench 
tanks, straightening presses, work 
benches, hardness testers, etc. 

Write for your copy. 


Turrz has been a great deal of in- 
terest and discussion about the impor- 
tant subject of carbonitriding in the 
last several years. Knowledge of the 
history of the process and the equip- 
ment is a must for all persons involved 
in heat treating. The idea of using 
carbon and nitrogen for treating steel 
goes back at least fifty years. A. W. 
Machlet of the American Gas Furnace 
Company took out a patent on the 
subject in 1915. Holcroft in 1934 ¢lim- 
inated cyanide by treating gears in 
carburizing gas and ammonia. In 1939 
Lindberg introduced CO and disso- 
ciated ammonia for prevention of de- 


“carbon high carbon steel. But, it was © 


not until 1947 when J. A. Dow—then 
president of the Dow Furnace Com- 
pany—introduced his furnace for the 

that the present enthusiasm 
developed.{The Dow Furnace was a. 
combination of ah old design,. aban- 
doned for years and the relatively new 
principle of -high temperature convec- 
tion. The result was so successful that 
the same principles, and in many in- 
stamces the same furnace, were used 
for other processes such as carburizing, 


bright hardening, bright annealing, etc. 





Dow described his heating 
as a “heat capacitor’? Where for 


(Continued on page 75) 
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DIMENSIONAL CHANGES 
IN TOOL STEEL 


By E. J. Pavesic 


How MANY TIMES have you been asked, 
“how much will this die or punch 
shrink or grow?” “how much stock 
should I allow for grinding?” These 
questions have undoubtedly caused 
many headaches and not a few cases 
of ulcer in the process of being 
answered. 

In order to help promote greater 
understanding of the problems of di- 
mensional changes, Heat Treating 
Hints will present in its columns from 
time to time articles dealing with this 
subject. 

The bar graph illustrated shows the 
effect of increasing diameter upon di- 
mensional change of a 1.20% carbon 
tool steel when brine quenched from 
1475°F. The “as quenched” surface 
hardness is 66 Rockwell “C” on the 
-Y%", Ye" and 3%” diameter bars and 
6, $6 Rockwell “C” on the 1%,” diam- 


eter “~ 


~~" THE EFFECT OF DIAMETER 
UPON DIMENSIONAL CHANGE 
OF A 1.20% CARSON TOOL STEEL 
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DIAMETER 
CHANGES INDICATED ARE RELATED 
TO THE “AS ANNEALED” DIMENSIONS 


Results of this test show that as the 
diameter increases, the net dimensional 
change of the length changes from an 
expansion on the 14” and 1,” diameter 
bars to a contraction on the 34” and 
13%¢” diameter bars, while the net 
dimensional change of the diameter 
decreases constantly with increasing 
diameter. Thus, here on a relatively 
simple shape, the dimensional changes 
vary considerably at least for the steel 
tested. 

Varying of the design, mass, type of 
steel and heat treating technique of 
a tool or die certainly would introduce 
other complications and. make the 
accurate prediction of dimensional 
changes a task that is not easily accom- 
plished. 

More on this subject in another issue. 
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STRAINS AND STRESSES------- Who is this Guy Art? 
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THIS ONE IS QUITE A SINGER 

A SHE HAS A WELL~-ROUNDED 
Siz 
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LB, ENOUGH IN THIS SHOP 
} LOOKING AT 


Carbonitriding 
(Continued from page 73) 


furnace engineers had worked to re- 
duce heat content of furnace linings, 
principally by the use of refractory 
insulation, Dow not only put back the 
heavy firebrick walls but added heavy 
firebrick piers as baffles for directing 
the forced convected gases. The result 
was that. the cold work charged into 
the chamber was hit by a tremendous 
volume of heat, not merely that sup- 
plied by the radiant tubes or elements 
but an even greater amount from. that 
stored up in the refractories. The fan 
distributed this heat throughout the - 
furnace and charge resulting in a heat- 
ing rate beyond that which could be 


Lindberg Gas Radiant Tube Carbonitriding 
F 


obtained by tubes or elements alone. 
Once the charge reached temper- 
ature and heating irements re- 
duced, the heat taken from the refrac- 
tories was returned to be used by the 
next load. 


Lindberg Type RO-243615-AS 
furnace at Fred Heinzelman and Sons, New York 


The foreign engineers who visited 
the Detroit Metal Show this fall were 
engineers so enthusiastic about batch 
type furnaces rather than continuous 
equipment for; such a production 
process as carbonitriding. The high 
temperature fan and the “heat capaci- 
for” had created the “exception that 





Surface Hardening 
(Continued from page 73) 


3. The specific properties for the serv- 
ice application. 


4. Depth of surface hardness required. 
5. Volume of work anticipated. 
6. Is selective hardening required. 


7. The fabrication factors after heat 
treatment. 


In future issues, brief mention of the 
mechanics of each process will be dis- 
cussed. Consideration will also be given 
to the advantages, disadvantages, and 
relative economics of each. 

Thus, the metallurgist in his attempt 
to satisfy the engineering requirements 
must select the process and material 


that will produce a minimum of pro- | 


duction headaches, economically. The 
constant demands to meet the ever in- 
creasing needs for stronger, faster, 
lighter and safer equipment, require 
skill and ingenuity in the evaluation 
of the above factors. 
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METAL BASKETS 


A NUMBER of readers have written to us 
asking for names of manufacturers who 
make metal baskets and fixtures for heat 
treating, quenching and general salt 
solution work. There are several such 
companies that we know of, who spe- 
cialize in making up baskets and fix- 
tures of special heat and corrosion 
resistant metals. Equipment of this na- 
ture is generally “tailor” made to meet 
specifications of size and type of metal 
required for definite applications. 

The following photos illustrate some 
of the tyical baskets which are being 
used: 


om. B 
ety oe 


Wire mesh and perforated heat treating baskets 


Mild steel dripping baskets 


In case you have a problem getting 
baskets and trays drop us a card and 
we'll fix you up with the names and 
addresses of several basket manufac- 
turers. 

Another container not illustrated 
here, but used in the heat treatment of 
metal parts is the metal tray. Most 
manufacturers who are set-up to make 
custom baskets are also the best bet as 
a source of supplying these trays. 


AN INVITATION . . tovisit 
our booth #1333 at the Amer- 
ican Society of Tool Engineers 
zoth Annual Exposition... the 
days of March 17 thru 21, in the 
Chicago Amphitheatre. 

Lindberg will present an inter- 
esting exhibit of equipment as 
follows: 


(1) In operation the latest 
model Lindberg 5 KW High 
Frequency Induction Heating 
Unit, brazing tungsten carbide 
tool tips to shanks. 


(z) “Built to scale” modern 
industrial heat treating furnaces 
will be arranged in a model tool- 
room layout. A special 23 page 
booklet has been prepared for 
explanation of “How to plan 
your toolroom layout.” Ask for 
your copy. 


(3) Lindberg’s line of air and 
hydraulic cylinders will be on 
display. 

(4) A large variety of “custom- 
er” products will be on display. 
These include copper brazed as- 
semblies and sintered powder 
metal farts, processed in Lind- 
berg furnaces. Also all kinds of 
tools and dies will be shown as 
examples of the know-how of 
modern heat treating techniques. 


(Continued from page 74) 


QUESTION: We have always been led to 
believe that the 18-8 family of steels 
are not hardenable. Is this true? k. $s. 


Answer: Hardening in the convention- 
al sense by quenching and tempering 
is not possible. However, there are 188 . 
precipitation hardening steels on the 
market which can be solution quenched 
and aged to develop hardness as high 
as 45 Rockwell-C. Also, with proper 
preparation, the 18-8 series can be 
nitrided to case depths up to .o08” and 
these surface hardnesses are in excess 
of 65 Rockwell-C by conversion. 


EpIToR’s Note: Our Research Depart- 
ment is studying the causes and reme- 
dies for mold pitting and we invite an. 
exchange of correspondence on this 
mutual problem so that we may cover 
tts many ramifications. 
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EXCERPTS FROM TRANSCRIPT OF PROCEEDINGS — 


| 
Washington, D.C. | 
Oct. 15, 16, 25, 1956 


* * * - * * | * 
ALAN T.’ HOLMAN | 
was called as a witness by and on behalf of the Plaintiff and having been 
previously duly sworn, was examined and testified as follows: 
DIRECT EXAMINATION 

‘BY MR. BALLUFF: | 

Q. Mr. Holman, will you please give us your age, your b cpathenoe. 
and your occupation, and your name? A. My name is Alan, A-l-a-n, 

T. Holman, H-o-l-m-a-n. My age is 33; I live at 22170 Condon Avenue, 
Oak Park, Michigan. : 

* * * * * * 

Q. Would you give us briefly your academic and professional 
background? A. Iam a graduate of the University of Toronto, in 
Canada, in metallurgical engineering. I graduated in 1946 with a 
degree of Bachelor of Applied Science. _ ) ! 

Q. Are you a member of any professional societies? A Tama 
member of the American Society for Metals. 

Q. Will you tell us briefly what this society is and how tees you 
have been affiliated with it? A. The Society is devoted to the study of 
the use and processing of all sorts of metals in industry; an I have 
belonged to the Society since 1943. 

Q. What is your present occupation? A. [ama metallurgical 
engineer for the Dow Furnace Company. ! 

* xe ca * * . * 

Q. And they are located at mee Michigan? A. That is 
correct. | 

Q. When did you join the Dow Furnace Company? A. In 1948. 

Q. What was your experience in this field before that time? 

A. Iwas employed as a metallurgicat<figineer for the Canadian Acme 
Screw and Gear Company in none: 
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Q. And you have been with the Dow Furnace Company since 1948? 
A. Yes, sir. 

Q. Are you generally familiar with the heat treating furnaces and 
methods which are now in use in the industry? A. Yes, Iam. 

Q. And you are familiar with those which have been in use since 
1947? A. Yes. 

Q. And you are familiar with the kind of heat treating equipment 
that is generally sold for use in the industry today? A. Yes. 

Q. You are familiar with the Dow application involved in this 
case? A. Yes. 

Q. And also with the references cited? A. Yes. 

Q. When I speak of the references, I am talking about the Smith 
and Benner and the Kelleher and FitzGerald patents. A. (Witness nods 
assent. ) 

THE COURT: Did you participate in the preparation of the Dow 
application? 

THE WITNESS: Not in the preparation of the application, no. 


THE COURT: Did you in designating the various claims? 
THE WITNESS: No. 
THE COURT: Proceed. 


BY MR. BALLUFF: 

Q. Now, it is true, is it not, that the Dow Furnace Company was 
founded by John A. Dow, who is the applicant here? A. That is correct. 

Q. And Mr. Dow died in 1948; is that right? A. That is right. 

Q. The Dow Furnace Company is licensed to use the invention 
covered by the application here involved; is that right? A. Yes, that 
is right. 

Q. And they are using it; are they not? A. Yes. 

Q. Is it not a fact that in all controlled atmosphere heat treating 
furnaces which have been made and sold by the Dow Furnace Company 
since you have been connected with it, that such furnaces have embodied 
the invention which is involved in this case, as you understand it? 

A. Yes, they have, all of them. 
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THE COURT: Has its right to use this process, as indicated in 
your application, ever been questioned by any other ee 

THE WITNESS: Not to my knowledge. 

MR. BALLUFF: Your Honor, this suit does not involve the right 
of the Furnace Company to use it. 

THE COURT: I understand that. 

MR. BALLUFF: That is only brought out by way of commercial 
utility of the claimed invention. Would you kindly mark this as Plaintiff's 
Exhibit 3. 

THE CLERK: Plaintiff's Exhibit No. 3, for identification. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 3, for prea 


BY MR. BALLUFF: 

Q. I hand you a piece of literature of the Dow Furnace on 
marked Plaintiff's Exhibit No. 3, and ask you to examine it and identify 
it if you can. A. Well, Iam familiar with it. 

Q. Is that a piece of literature which is prepared byt the Dow 
Furnace Company? A. Yes. : 

Q. And distributed to the trade? A. Yes. 

Q. Does this piece of literature make any reference to the 
invention which is involved in the application here? A. Yes, it does. 

Q. Would you kindly point that out? A. On page 3 of the Exhibit, 
there is a brief paragraph describing the action of this invention. 

Q. How is it designated there? A. It is calleda heat enn 

THE COURT: Called what? 

THE WITNESS: A heat capacitor. 

BY MR. BALLUFF: 

Q. And it is your understanding that the heat capacitor referred 
to in that literature is the construction or the technique which is 
embodied in the application that is involved in this case? A. That is 
correct. : 

MR. BALLUFF: Mark this as 4, will you please? 
THE CLERK: Plaintiff's Exhibit No. 4, for identification. 
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(Whereupon the said document was marked 
Plaintiff's Exhibit No. 4, for identification.) 


BY MR. BALLUFF: 

Q. I hand you a piece of literature marked for identification as 
Plaintiff's Exhibit No. 4, and ask you to examine it and state what it is, 
if you can. A. It is a description of one particular model of furnace 
built by the Dow Furnace Company. 

Q. And the piece of literature is prepared and distributed by whom? 
A. By the Dow Furnace Company. 

_Q. Does this piece of literature make any reference to the so- 
called heat capacitor, which we will use for convenience in designating 
the subject matter involved in this case? A. It does refer to it, yes. 

MR. BALLUFF: Would you kindly mark these as 5-A and 5-B? 

THE CLERK: Plaintiff's Exhibits Nos. 5-A and 5-B. 


(Whereupon the said documents were 
marked Plaintiff;s Exhibits Nos. 5-A and 
5-B, for identification.) 
BY MR. BALLUFF: 


Q. QQ. I hand you two sheets designated Exhibits Nos. 5-A and 5-B, 
and ask you to examine them and state what they are, if you can. 
A. Well, 5-A is a reprint of a magazine advertisement that does mention 
the use of the heat capacitor. 

Q. And that was an advertisement of the Dow Furnace Company? 
A. That is correct. 

Q. Is there anything else in-particular that Exhibit-5-A shows? 
A. Yes. It presents a list of manufacturing companies that make use 
of furnaces manufactured by the Dow Furnace Company. 

Q. What about Exhibit 5-B? A. That is a. continuation of that 

list of users. 

Q. Of Dow furnaces? A. That is correct. 

Q. These furnaces referred to in the customer lists on Exhibits 
5-A and 5-B embody this heat capacitor that is involved here? A. That 
is correct; they do. 

MR. BALLUFF: I would like to offer in evidence as Plaintiff's 
Exhibits 3, 4, 5-A and 5-B, the three pieces of literature which have 
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been identified by the witness. 
MR. COCHRAN: No objection. 
THE COURT: They will be admitted. | 


(whereupon Plaintiff's Exhibits Nos. 3, 4, 
5-A and 5-B were received in ice 


1 
| 


BY MR. BALLUFF: 

Q. I hand you a copy of the December 1947 issue of Metal Progress, 
and direct your attention particularly to an article appearing on Pages 
984, 985, 986 and 987 of that magazine, and ask you whether you are 
familiar with that article? A. Iam familiar with it. | 

Q. Now, can you tell us anything about the nature of this publication, 
Metal Progress? What is it and to whom is it distributed, if you know? 

A. Metal Progress is an official publication of the American 
Society for Metals. It is a monthly publication which is sent to all 
members of the Society. 

Q. If I understand you correctly, this December 1947. issue would 
be an issue published at that time by the Ameridan Society for Metals? 


A. Yes. 


Q. Now, you stated, I believe, you were familiar fa the 
article appearing on Pages 984, 985, 986 and 987? A. Yes. 
Q. For convenience, I would like to refer to a copy of the 


article, rather than the entire magazine. Will you tell us, briefly, what 
this article is about? What it is? A. This article describes the develop- 
ment of a heat treating furnace which incorporates the invention here 
involved, and discusses the beneficial results to be obtained from the 
invention. 

Q. This article appears to have been written by J. A. Dow. Is 
that the applicant here involved? A. Yes, it is. | 

Q. And the type of furnace construction, if I understand you 
correctly, referred to in the article, is the type of structure that is 
_involved in this application here? A. Yes. 

Q. The article makes reference to the so-called heat capacitor; 
does it not? A. Yes, it does. | 
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Q. Now, I direct your attention particularly to the paragraph that 
is the last paragraph on Page 984, entitled, "Higher Speed Heating, " 
and I would like you to refresh your recollection with respect to that 
paragraph before I ask you any further questions about it. Now, that 
paragraph refers to certain alleged drawbacks in connection with radiant 
heating. First, the question of continuous attention by the operator; and 
second, the requirement that a very large furnace for case depths of more 
than one or two thousandths of an inch to be required. I would like first 
to ask you what your experience is with reference to those statements, 
and also if you would explain the significance of those two alleged draw- 
backs? A. Well, the two alleged drawbacks are connected. 

Q. In what way? A. Well, because radiant heating is restricted 
to heating only a single layer of parts. It means that when there are a 
great many parts to be treated, they have to be spread out over a great 
area. In other words, they cannot be piled up inside a box. They have 
to be spread out over a large area. 

Q. And not stacked? A. And not stacked. 

Q. Now, what is another requirement in connection with radiant 
heating of the kind about which you are talking? A. Well, radiant 
heating, while it is very efficient in one respect, is very easily in- 
terrupted or interfered with. 

Q. How is that? A. Well, the heat is only radiated to that 
portion of the part that is exposed directly to the source of radiation. 
So consequently, if there is anything in between the part that is to be 
heated and the source of heat, then the part that is to be heated will not 
be very effectively heated; whereas the part that is exposed directly 
will be very effectively and very quickly heated. 

Q. Now, what about the parts of the kind about which you are 


_ talking? What about the heating of what I would -call the under-surface 


of Such parts? That is, the parts which are not exposed directly to 
fhe radiant heat? A. Well, the surface of a part that is exposed to the 
radiation will heat very quickly; and because it is a single piece that we 
are discussing, the heat will be conducted through that piece to the 
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opposite side reasonably quickly. So that the one piece will heat up 
substantially at the same time throughout its thickness. ; 

Q. Well now, this article says that a very large furnace for case 
depths of more than one thousandths of an inch. would be required. What 
have you to say with reference to that statement? A. When a case depth 
of more than one or two thousandths is to be produced in the surfaces of 
the parts, a considerable tength of time is required at the controlled 
temperature; and if these parts are all spread out and ina single layer, 
avery large furnace is required in order that there be any real 
production produced in the furnace. : 

Q. In other words, if I understand you correctly, the mere 
distribution of these parts in a single layer would take so much space 
that your productivity rate would be very low considering the size of the 
furnace? A. That is correct. 

Q. What about this matter of continuous attention on the part of 
the operator in connection with this so-called single layer heating? 

A. Well, that refers to the fact that the operator may place these parts 
usually in a certain pattern over a large area, and that takes, as you 
can imagine, a lot of hand operation, so that he is doing it essentially 
all of the time that he is working at the furnace. ! 

Q. Now, in discussing convection heating, this paragraph -- and 
this was written back in '47 -- says: "Convection heating, as con=- 
ventionally done with atmospheres circulating from external heater to 
furnace chamber, was far from satisfactory." What is your experience 
and comment with respect to that statement? A. In the case of a furnace 
with an external heater, there must be some form of duct work between 
the heater and the furnace chamber, and the duct work reduces the 
efficiency of the furnace in that the gas coming from the heater is cooled 
down somewhat in the duct work before it ever gets to the furnace chamber 
where it is supposed to do the work. 

Q. Do you think possibly that part of the paragraph to which I 
just directed your attention might have reference toa furnace structure 
of the type which is aie in the Smith patent here involved? A. It 
would, yes. 
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Q. Is that structure shown in the Smith patent more or less 
typical of the controlled atmosphere convection heating furnaces which 
were in use prior to the Dow furnace embodying the heat capacitor 
with which we are here concerned? A. Yes. 

Q. That paragraph further goes on to say, in speaking about 
such furnaces being far from satisfactory: 

"This is due to the wide variation in temperature normally 
existing in different parts of the load when approaching control tempera- 
ture, and to the long time interval between the first and last pieces of 
the load reaching control temperature." 

Now, I would like you to explain the significance of that statement 
with reference to controlled atmosphere heat treating furnaces using 
convection heating and which are furnaces of the kind to which the Dow 
application relates. A. Well, since a convection furnace depends upon the 
circulation of a gas to heat the work, the gas leaving the heater and 
entering the work basket is cooled very quickly by the first pieces 
of work that it contacts, and heats those parts up quite quickly; 
whereas those parts at the opposite end of the basket take a much 
longer time to reach the control temperature. In some cases, that 
might be a matter of one or two hours later. 

Q. And the difference in temperature between the part of the 
load which is first contacted by the gas, or where the gas enters, and 
the part of the load from which the gas leaves the load, the difference 
in temperature between those parts is referred to as the temperature 
gradient or temperature difference in the load; is that right? A. That 
is right. 

Q. Now, what is the significance of this temperature difference 
or temperature gradient in connection with producing a metallurgical 
reaction on metal pieces in a furnace of the kind with which we are 
here involved? A. Well, when the load is first inserted into the 


furnace chamber, a large temperature gradient throughout the load 
' is not important. 
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Q. Well, let's start with the proposition -- A. But when the 
load is brought to the control temperature, then it becomes extremely 
important, in that the parts that reach control temperature first will 
start to become processed first, and the longer the time lag between 
when the first pieces reach control temperature and when the last 
pieces reach control temperature, has a great effect on the uniformity 
of the treatment being carried out in the furnace. | 

Q. Well, what is the consequence of lack of uniformity in rela- 
tively thin pieces of work being treated of the kind that I han you now? 
A. Well, these pieces are used in business machines, adding machines 
and typewriters, and the like, and they must be hard on the surface 
to resist wear, since these parts rub against other parts. However, 
because they are so thin, if they were hard all the way through, they 

would tend to be brittle and might break in service, which would 
render the machine non-operatable. So consequently, if parts like 
these are being treated in the furnace, if the parts which reach control 
temperature first are too much over-processed, then they might become 
hard all the way through, or substantially all the way through the 
section; where the parts that reach control temperature last, they 
would get only a superficial hardening at the very surface. i 

Now, neither of those extremes might be acceptable. In the 
first case, the parts that were over-processed would be so hard that 
they would be brittle and could break in service; and the parts that 
were under-processed, the parts that reach control temperature last, 
they might not be fully hard on the surface, and might tend to wear out 
in service by virtue of being too soft. So that only a portion of the load, 


that is, the portion in the center of the load, might get the correct pro- 


cessing. 
Q. Now, is this -- 
THE COURT: Can you define this heat capacitor? Not in con- 
nection with something; but what is this specific thing, the heat capacitor ? 
BY MR. BALLUFF: | 
Q. Tell the Court what you understand to be the heat capacitor 
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with which we are here involved. A. Well, the heat capacitor is 
a means of improving the uniformity of processing of these parts. 

THE COURT: Is it a means or a piece of machinery? 

THE WITNESS: Well, it consists of a refractory material of such 
conductivity and heat acapacity that it aids the furnace in producing uni- 
form temperatures, more uniform temperatures throughout the load, 
as the load reaches the control temperature. 

THE COURT: Well, would you say that the heat capacitor, then, 
is a mechanical element that is used in the furnace ? 

THE WITNESS: No, it is not a mechanical element. It consists 
of pieces of firebrick, lining the inside of the furnace chamber. They 
don't move, but because of the nature of the material, they allow the 
furnace to be heated very quickly at the first part of the heating cycle, 
and then when a substantial amount of their contained heat is removed, 
they slow down the rate of heating of the furnace, so that this tempera- 
ture gradient throughout the furnace load, throughout the pieces of work, 
this gradient is reduced, thereby promoting greater uniformity within 
those pieces. 

THE COURT: Would that be true of any other lining? 

THE WITNESS: Of any other material? 

THE COURT: Well, any other material that is used for lining in 

the furnace. . 

THE WITNESS: Well, there are several materials that could be 
used. We are not specifying the material specifically. 

BY MR. BALLUFF: 
Q. When you say there are several materials that could be used, 


you mean as a heat capacitor? A. That is correct. 

Q. That is a high capacity material? A. The ordinary furnace 
lining would not act in this way, because it doesn't have sufficient heat 
capacity or heat conductivity to operate in this manner. 

Q. I think it might be helpful if you would define what you mean 
by high heat capacity material and low heat capacity material. A. Well, 
a high heat capacity material is one that requires a great many units of 
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heat to raise its temperature a certain number of degrees; where low 


heat capacity material is one that takes relatively few heat units to 


raise its temperature. 

For example, it takes very few heat units to raise the eae 
of a piece of copper any given number of degrees; where it takes a 
great many heat units to raise the temperature of a piece of wood. In 
other words, the heat capacity of wood, and materials of that iu is 

much higher than of a metal. , 

Q. That is, you can store a much greater amount of heat in a piece 
of wood of a given size than you can in a piece of material such as copper 
of a given size? A. That is correct. | 

Q. So in the furnace art, was it not the practice before the inven- 
tion invol’ed here, to use what was called low capacity heat storage 
material as thse dining or the insulation for the furnace chamber? A. That 
is correct. i 

Q. And that material was a refractory material? A. ‘Yes. 

Q. The concept of Dow here involved was that of using a high 
heat capacity material within the furnace chamber; is that right? A. Yes. 

Q. Now, in order not to mislead the Court with reference to this 
question of heat capacitor, is it not a requirement of the concept of a heat 
capacitor that it be used in conjunction with convection heating rather 
than radiant heating? A. Yes, itis. 

Q. Well now, would you explain that, and your reasons for it? 

A. I wonder if you would ask the question, phrase the ss a little 
differently ? 

THE COURT: The question that the Court had in mind is this: 
You are seeking an invention here. Is it the kind of material that is 
used for lining that you seek to claim as the basis for your invention ? 

THE WITNESS: Yes, that is true. ! 

BY MR. BALLUFF: : 

Q. Is there anything else involved in that, in connection with the 

use of that material? A. Well, it has to be located in the proper 


position. 
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THE COURT: You just stated a moment ago that there were 
various materials that could be used as the lining of a furnace that 
would perform the function that you are talking about. 

THE WITNESS: That is correct. 

BY MR. BALLUFF: 

Q. And those you refer to as high heat capacity materials; is 
that right? A. High heat capacity refractory materials. 

Q. Yes. Now, there are also so-called low heat capacity refractory 
materials; is that right? A. That is correct. 

Q. And they have been used heretofore and generally in the art? 
A. That is correct. 

Q. These low heat capacity refractory materials; that is, itis old 
in the art to use those? A. Yes. They are called insulating refractories. 

Q. Now, the question that I was directing your attention to with 
reference to the use of the term, "capacitor, " "heat capacitor, " was 
whether there was anything else involved in connection with the concept 
of the heat capacitor as we are dealing with it in this case, in addition 
to the use of high heat capacity materials? A. Well, it must be located 
in the furnace in such a position that it will receive heat by radiation 
directly from the heating tubes. 

Q. Yes. And what about the significance of this high heat capacity 
material in conjunction with convection heating of the load as distinguished 
from radiant heating of the load? A. Well, in this type of furmace, a 
convection heating furnace, the heat capacitor is used to augment the 
heat given off by the heating tubes, themselves. That is, the heat 
capacitor will augment the heat given off by the heating tubes during 
the first part of the heating cycle. 

Q. Yes, we understand that. But the point that I was trying to 
make clear was whether this high heat capacity material will work 
the same way in conjunction with radiant heating of the load as it will 
in conjunction with convection heating of the load? A. Yes, I would 
say it would in a similar way. 

Q. Well, will you kindly explain that? A. Well, because the 
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material will store a great quantity of heat, and because it has a high 
conductivity for heat, it could be used in a radiant heated furnace to 
augment the heat given off by the heating elements or heating tubes. 

Q. And the patent to Benner is illustrative of that “ede of 
operation you have just described? A. That is correct. : 

THE COURT: Just a moment. You still have me confused a little 
on one point. This lining that you are talking about, is that what you 
are seeking to have patented, the type of that lining? : 

THE WITNESS: Yes. 

MR. BALLUFF: Well, I would like to comment on that, if I may. 
Mr. Holman is not a patent attorney. He is not offered as such. 

THE COURT: He is a witness, though. Sometimes a witness isa 
better judge of the fact than the attorney is. 

MR BALLUFF: Well, we will leave that up to the Court. The 
claims in issue here define the heat capacitor in reference to the fact 
that you employ convection heating for transferring heat from the heating 
tubes and this lining to the work rather than radiant heating. The use 
of radiant heating in conjunction with this high heat capacity material 
is old. That is old. : 

THE COURT: Old. What is the difference between radiant and 
the other type of heating that you mention? 

BY MR. BALLUFF: 

Q. Would you explain the difference between the two types of 
heating for the benefit of the Court and the record? A. Well, radiant 
heating is the type of heating that we get from the sun. 

THE COURT: Yes. 

THE WITNESS: There is no material between the earth and the 


sun. It is a vacuum of space. But the radiant energy comes directly 
from the sun to the earth. 


BY MR. BALLUFF: 
Q. And that doesn't depend upon the flow or any circulation of 
atmosphere? A. No. 
THE COURT: It would be affected by a cloud; wouldn't ae 
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THE WITNESS: Oh, yes. It can be interrupted or interfered with. 
Now, convection heating depends upon the movement of a gas or a liquid, 
and that is demonstrated in a heating system for a house, where air is 
heated in a furnace and is distributed through a duct work to the various 
rooms of the house. In older houses, that is done by natural convection. 
There is no fan involved. Just the air that is heated in the furnace rises 
of itself, because it is heated, and travels up the duct work to the other 
rooms in the house. 

THE COURT: The old fashioned steam heating you have in the 
house ? 

THE WITNESS: Yes. 

BY MR» BALLUFF: 

Q. I would further like to make this point, that convection heating 
depends upon a flow of a fluid. A. That is correct. 

Q. And you take this fluid and heat it at one place and the fluid is 
caused to flow to another place where it gives up its heat? A. That is 
correct. | 

THE COURT: A hot water heating system, then, would be the 
same thing that you are talking about? 

THE WITNESS: Well, the movement of the water through the 
radiators is by convection, but the heat that you feel in the room your- 

self, you receive by radiation from the radiator. 

THE COURT: Well, that would be true of the old fashioned wood 
stove; wouldn't it? 

THE WITNESS: That is right. The wood stove will radiate heat 
to you, so that sometimes the front of you would be too warm and the back 
would be too cold. 

MR. BALLUFF: Wasn't it Franklin that said you would be burned 
on one side and frozen on the other. 

BY MR. BALLUFF: 

Q. Well now, as between convection heating and radiant heating, 
is there any difference in the efficiency of heat transfer by these two 
methods of heating? A. A very great difference. 
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Q. Will you tell us what they are and give us some examples, if 
you can? A. Well, in convection heating, since you must first of all 
heat this fluid, this air, or gas or liquid, then you have to move the 
fluid to some other place, it is inefficient because most of the fluids 
used have a very low capacity for heat, and that means that you have 
to move an awful lot of air or gas from the source of heat to where the 
heat is being used in order to do any significant amount of heating. In 
other words, to heat your house, you have to circulate millions of cubic 


feet of air per hour in order to do an effective job; and that 


involves a lot of work, moving all that air. Whereas if you can heat by 
radiation, if the nature of the problem is such that radiation will work, 
if the thing to be heated is suitably exposed to the source of radiation, 
the radiation is transmitted instantaneously. : 

THE COURT: Well, say here is a house, a three- or four-story 
house, and it has in it a hot water heating system. Now, of course, 
you heat the water only at one place; don't you? | 
THE WITNESS: Yes. | 
THE COURT: And that hot water has to climb up, circulate, so 


to speak, until the entire system is heated before it throws off any heat 


in the upper rooms. 

THE WITNESS: That is right. 

THE COURT: Now, how would you eliminate that under your 
theory? How is it possible to heat those rooms that are some distance 
from the place where the heat is actually applied? 

THE WITNESS: Well, there might be two answers to that problem. 
One would be to improve the method of circulating the water from the 
furnace to the other rooms; or another way in which it could be improved 
would be to have a separate source of heat in each room. | 

BY MR. BALLUFF: : 

Q. Isn't one of these electric resistance heaters that are 
frequently used in. the bathroom an example of a radiant heater in which 
the heat is generated by the electric current flowing through these 
resistances right at the spot where it is used? A. That is correct; but 
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the radiant heater in the bathroom won't do any good in the bedroom. 

Q. Well now, since we have gotten into a discussion of this 
question of heating by radiation, I think that it might be desirable to 
take up the disclosure of the Benner patent, which Your Honor will find 
on Page 10a. I should like to have you explain the construction and the 
disclosure of Benner with reference to what he is trying to accomplish. 
A. Well, Benner is trying to heat up a single piece of material, 
apparently, a fairly large piece. An ingot of steel, for example, he 
mentions; and that is the type of heating problem that he was concerned 
with. It is not the problem that we are concerned with in our application. 

Q. Let's just stick to Benner for the moment, if you will, please. 
A. What Benner has done here by lining this furnace with this high heat 

65 capacity material -- 

Q. That is indicated by the reference character 6; is that right? 
A. That is right. He hopes to achieve a faster heating of this ingot of 
steel, because of the fact that this lining material has a better conductivity 
for heat than the ordinarily used insulating refractories. Now, there 
are two aspects to the Benner patent, and that is one of them. The 
other one is his method of operating the furnace. He states that he 
wants to heat this ingot to a temperature of 1,000 degrees Centigrade, 
which is approximately 1800 degrees Fahrenheit. Now, in order to do 
this quickly, he overheats the furnace to a temperature of 1350 degrees 
Centigrade, and that is equivalent to a Fahrenheit temperature of 2600 
degrees, approximately. 

Q. Where does Benner generate his heat in his furnace? A. That 
is generated by the electrical resistance elements indicated by Figure 1. 

Q. And they are exposed inside the furnace chamber; right? 
A. That is correct. 

Q. And the ingot to be heated is shown in Figure 3 by the 
reference character 11; is that right? A. That is right. 

66 Q. Now, will you tell us how Benner says that his furnace 

operates? A. Well, by pre-heating the furnace to this exceptionally 
high temperature of 2600 degrees, he found that when the ingot was 
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finally placed in the furnace, it would heat up to the desired temperature 
very quickly, a matter of some ten minutes. However, what he doesn't 
say is that the outside surfaces of that ingot are exposed to a very high 
temperature and must necessarily be heated to some extent above the 
desired temperature of 1800 degrees; and also, in the ten minutes allowed 
for heating this ingot of steel, he couldn't possibly hope to achieve any 
degree of temperature uniformity throughout the ingot. : 

THE COURT:. Do you think that is possible in any case? 

THE WITNESS: Well, certainly not in such a short time as ten 
minutes. He talks about an ingot roughly six inches in section, which 
is (indicating) a pretty big piece of steel. 

THE COURT: You can bake a potato and the outside of it will be 
done all right but the inside will not be. 

THE WITNESS: Well, the same thing holds here. He is _ to 
overheat the outside surfaces; they are going to approach the temperature 

67 to which he has pre-heated the furnace of 2600 degrees very quickly 
after the load is inserted into the furnace, but at the end of ten minutes, 
it isn't conceivable that the center of this ingot will have heated to any 
appreciable extent, maybe on the order of three or four hundred degrees, 
where the outside is heated considerably beyond his desired temperature 
of 1800, or, as he referred to it, as 1,300 degrees Centigrade. 

aK * % * * a 

BY MR. BALLUFF: : 

Q. Mr. Holman, will you refer now to the Benne? patent that we 
were discussing yesterday, and which you will find at Page 10a of your 
trial brief. This patent discloses the operation of a furnace with in- 
sulating lining and with the so-called high heat capacity lining. 

70 Now, first would you explain the mode of operation of Benner's 
furnace, as he discloses it, using the insulating lining? A. Tn the 
furnace with the insulating lining, and also in the one with the high heat 
capacity lining, he operates the furnace in this way: The desired 
temperature that he wishes to heat the load to, he states, is 1, 000 
degrees Centigrade. Well, before the load is introduced into the 
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furnace, he brings the furnace temperature to a much higher temperature, 
1350 degrees Centigrade, and that is done before the load is introduced. 
You could call it pre-heating the furnace. The purpose in that pre- 
heating is to speed up the heating of the load when it is introduced. And 
by doing this, he states that using the insulation lining in the furnace, it 
takes ninety minutes to heat this load of steel, or whatever it is, to the 
desired temperature of 1,000 degrees. 

Q. Now, this ninety minutes is after the load has been placed in 
the furnace? A. That is correct. 

Q. Now, what results does Benner say that he gets when he uses 
this high heat capacity material instead of insulating lining material? 

71 A. Benner claims that by using the high heat capacity material, 
that he can reduce the time of heating the load itself from ninety minutes 
to ten minutes. 

Q. Now, when Benner uses the high heat capacity material, does 
he say that he finds it necessary to pre-heat the furnace chamber the 
same as he did when he used the insulating lining? A. Yes, Benner 
states that quite clearly, that the furnace is pre-heated to 1350 degrees 
Centigrade in both cases. 


- a e 


MR. COCHRAN: If Your Honor please, when references are made 
to where Benner states a certain thing, perhaps it would be better to 
make reference to the particular part of the Benner disclosure that is 
involved. 

MR. BALLUFF: Fine. We will be glad to do that. 

BY MR. BALLUFF: , 

Q. Now, would you point out where in the specification of Benner 
he discusses this matter of pre-heating, and, as a suggestion, I direct 
your attention to Page 3, Column 2, Line 25. It is Page 3 of the Benner 
patent. A. Would you like me to read that? 

Q. Yes. A. On Page 3, Column2, Line 25 of the Benner patent, 
he states: "In each case the furnace was allowed tg‘run empty until 

72 a temperature of 1350 degrees Centigrade was attained in the 
heating chamber, whereupon a cold charge of alloy steel sufficient to 
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about half fill the chamber was inserted and the door again closed while 


the charge was heated to 1,000 degrees Centigrade." ! 

Q. Now, will you continue reading the next paragraph? A. "The 
time required for the temperature to reach this value was found to be 
approximately ten minutes with the silicon carbide lining, compared 
with forty minutes for the fused alumina, and one hour for the fire-clay 
lined furnace. In the case of the lining of insulating material, through 
which the heat loss was undoubtedly considerably reduced, the heating 
time was, nevertheless, ninety minutes." : 

Q. Now, I would take it from that that Benner thus says that when 
he uses this high heat capacity material, he can cut his time, after pre- 
heating of the furnace, from ninety minutes to ten minutes; is that right? 
A. That is right. ! 

Q. Now, does Benner, anywhere in his specification, state the 
length of the pre-heating time required in each of these cases? A. No, 
he does not. | 

Q. From the technical data given in the Benner patent, would it 

73 be possible to calculate the pre-heating time required in the Benner 
furnace, in each of these cases? A. Yes, it would. ! 

Q. Have you made any such calculations? A. Yes, I have. 

MR. BALLUFF: Will you kindly mark this as Plaintiff's Exhibit 7. 
Before we proceed, I would like to offer as Plaintiff's Exhibit 6, a copy 
of the Metal Progress article entitled, 'A New Batch-Type Gas Cyaniding 
Furnace," by J. A. Dow, the applicant here, which has been identified 
by the witness. i 

MR. COCHRAN: If Your Honor please, this is an article by the 
applicant in the case. He has disclosed the invention, supposedly, if 
there is an invention, in the application which has been offered in evidence. 
The witness has testified as to his views as to certain statements made 
in this article. It would seem that anything that the article could contribute 
over and above what has already been offered in evidence would be 
hearsay. So I think I must object to itas'being hearsay. | 

THE COURT: Well, it merely constitutes an argument in behalf 
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of his contentions in his application. 
MR. COCHRAN: Well, on that basis, there would be no objection. 
THE COURT: It will be admitted. 
MR. BALLUFF: Thank you, Your Honor. 
THE CLERK: Plaintiff's Exhibit No. 6 in evidence. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 6 and received in 
evidence. ) 


THE CLERK: Plaintiff's Exhibit No. 7, for identification. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 7, for identification. ) 


BY MR. BALLUFF: 

Q. Now, I hand you a three-page statement of calculations which 
have been identified as Plaintiff's Exhibit No. 7, and ask you whether or 
not that exhibit contains the calculations that you have made in connection 
with the pre-heating time required by Benner's furnace in the two cases 
we have been discussing? A. Yes, they are. 

Q. Now, would you kindly explain these calculations and the 
basis for them with reference to the disclosure of the Benner patent? 

A. Well, Benner makes it a little bit difficult to do this calculation, 
because he doesn't state what the weight of his load is. So the first 
thing we had to do was determine what the weight is. 

Q. Now, what figures from the Benner patent did you use in 

calculating the weight of the load that he is treating there? 

A. Well, on Page 3 of the patent, he gives some data in the form of a 
table in Colum 2; and he shows the average calories per minute that can 
be transmitted through these different lining materials that he has used; 
and I used those figures. 

Q. Well, specifically now, which ones did you use? A. I used 
the figure given for silicon carbide. 

Q. And that figure is what? A. 645,000 calories per minute is 
the speed of heat transfer through the silicon carbine. And I also used 
the figure shown of 8,000 calories per minute, as the speed of heat 
transfer through the insulation lining. 


oe me ae iCsti‘(ia 
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Q. Now, this first equation that you have on Page 1 of Exhibit 7, 
would you tell us what that equation is and why you set it up that way? 

A. Well, that first equation is a general expression showing how to 
calculate the amount of heat contained in an object at a given temperature. 
Now, the letter "Q" refers to the quantity of heat in calories that is 
desired. 

Q. Desired to raise the temperature to a given amount? A. Yes. 
The expression, "C ~ is the specific heat of the material, and specific 

76 heat is simply the amount of heat required to raise the temperature 
of a piece of material one degree Centigrade. More specifically, it is 
the amount of heat required to raise the temperature of one gram of the 
material one degree Centigrade. 

Q. Now, where did you get this figure of 0.143 ealontes per gram 
per degree Centigrade which you have given in that explanation of the 
first equation? A. Well, that is an accepted figure for sa that can be 
obtained from any handbook. | 

THE COURT: Let me ask you. Is it your theory that Benner was 
seeking to accomplish the same purpose you are seeking? ! 

THE WITNESS: No, sir, it is not. 

THE COURT: What is the difference? 

THE WITNESS: Well, Benner appears to be only interested in 
extremely fast heating, whereas in this application we are concerned 
with rapid heating, but more importantly, with uniformity of heating. 

BY MR. BALLUFF: 3 

Q. Now, this next element referred to in the equation: "Delta T," 
that is the temperature difference between the article when it is initially 
put in the furnace and the temperature to which you desire to | aes it; 
right? A. That is correct. 

17 Q. And in that equation, "W" is the weight in grams d the load? 
A. Since we don't know the weight of the load, we have to use this letter 
"W" to signify the weight of the load; and all we have done here is to 
show the amount of heat required to raise the temperature of this load 
of W grams of steel from 25 degrees Centigrade, which is room 
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temperature, to 1,000 degrees Centigrade, is 139.4 times W, the weight 
of the load, which we don't know yet. 

Q. Now, this figure of 1,000 degrees is the figure given by Benner 
to which he wants to heat his load? A. Yes, that is the temperature he 
wants to find. ; 

Q. Now, will you continue with your explanation? A. Well, Benner © 
gives these figures for the rate of heat transmission with these different 
lining materials,and he also tells us how long it takes to heat this load 
when the load is in the furnace with these different lining materials. He 
states that the silicon carbide lining supplies heat at the rate of 645,000 : . 
calories per minute for the ten minutes the load is in the furnace. If 
you multiply 645,000 by ten minutes, the total number of calories supplied 
by the silicon carbide lining becomes 6, 450,000 calories. Now, the 
insulation lining will supply heat at a rate of 8,000 calories per minute, 

78 and since he says that the load requires ninety minutes for heating 
with the insulation lining, you multiply 8,000 calories per minute by 
ninety minutes, and find that the insulation lining supplies a total of 
720,000 calories to the load. 

Q. That is during the ninety minutes? A. That is right. 

Q. Yes. A. Now, the source of heat in this furnace is a number 
of electrical resistance elements, and they are supplied with electric 
current at a constant rate. Now, Benner doesn't say what that is; so we 
have to calculate it. We know that when the load is placed in the furnace, 
some of the heat required to raise that load to 1,000 degrees Centigrade 
comes from the lining and some of it comes from the element. Now, we 
have already found out how much came from the lining in each case, and 
we know how much heat is required for the load itself, so the difference 
between the heat required by the load and the heat supplied by the lining 
is the amount that has to be supplied by the element. If we divide that 
difference by the heating time, we get an expression for the rate of heat 
supplied by the element. Now, since the rate of heat supplied by the 
element is a constant, is equal under all conditions, we can take these 

79 two expression for the heat supplied by the element -- we don't 
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know the actual answer. We just have an expression, one for the silicon 
carbide lining, and one for the insulation lining; and since things which 
are equal to the same thing are equal to each other, we merely equate 
those two expressions. The two expressions for "Qp" the rate of heat 
supplied by the element, that are shown there on Page 1 -- would there 
be any advantage in me reading these expressions? : 

Q. Yes, I think there would. A. Well, in the case of silicon 
carbide lining, the load heating time is ten minuteg, according to Benner, 
and, therefore, "Qrp", the rate of heat supplied by the elements, is 139.4 
times W; and that, we found out in the beginning, was the amount of heat 
required by the load. From that, we subtract the amount of heat supplied 
by the lining, in this case, 6,450,000, and divide that difference by ten, 
which is the heating time in minutes. In the case of the insulation 
lining, where the load heating time is ninety minutes, "Qm, "' this rate 
of heat supplied by the elements then becomes the same 139. 4W, the 
heat required by the load, from which we subtract the amount of heat 
supplied by the lining. In this case, with the insulation, that is 
720,000 calories. Then we divide that difference by the heating time 

80 of ninety minutes. Now we have two different expressions for 
"Qr, ' and on Page 2, we equate those two expressions, which allows us 
to solve for "W," the weight of the load. After doing some arithmetic, 
you find that 'W'"' becomes 51, 400 grams, and that is approximately 
115 pounds. By putting that figure for "W" back in the equation, the 
first equation we found for "Q;, ," the heat required to heat this load, 
we find that "Qj," is 139.4W -- we put the 'W" in -- you get an answer 
of 7,165,160 calories. That is the amount of heat required to raise the 
temperature of 115 pounds of steel from 25 degrees Centigrade to 1,000 
degrees Centigrade. Now, we take this amount of heat to raise the 
temperature of the load, and we put it in the equation for "Qe, " and we 
find that the rate of heat supplied by the element "Qp" becomes 71,516 
calories per minute. 

Q. Now, would that figure of the amount of heat supplied by the 
heating element be the same in both cases, that is, the rate at which it 
is supplied? A. Yes, it would. | 
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Q. Now, from those calculations, will you explain how you 
arrived at the pre-heating time required when the insulation lining is 
used and the pre-heating time required when the high heat capacity 
material was used? A. Well, before the load is inserted into the 

81 furnace, Benner pre-heats the furnace to this higher temperature 
of 1350 degrees Centigrade. Now, the only way he can heat the furnace 
to this temperature is with the heat given off by the electric elements; 
and we have found that those elements give off heat at the rate of 71, 516 
calories per minute. So we have already found how much heat has to be 
added to the lining in order to heat his load in the specified time. If we 
divide that quantity of heat by the rate of heat supplied by the element, 
we find the length of time it takes to preheat the lining from 1,000 to 
1,350 degrees. Now, in the case -- 

Q. Is what? What is that figure? A. In the case of the silicon 
carbide lining, that becomes 90.2 minutes. 

Q. Pre-heating time? A. That is correct. We found that figure 
by dividing 6,450,000 calories, the amount of heat supplied by the 
lining -- we divided that by the rate of heat supplied by the element, 
which was 71,516 calories per minute. Thus the total time for pre- 
heating the furnace and for heating the load becomes 90.2 minutes, plus 
10 minutes, a total of 100.2 minutes. 

Q. In the case of the silicon carbide? A. That is correct. 

Q. Now, what about the pre-heating time for the ordinary 

82 insulation lining? A. Well, we calculated that by the same 
method. We found on Page 1 that the insulation lining supplies a total 
of 720,000 calories to the load in the ninety minutes that the load is in 
the furnace. Well, we then took that 720,000 calories and divided it by 
the rate of heat supplied by the clement, 71,516 calories per minute, 
and we find that it takes 10.1 minutes to pre-heat the insulation lining 
from 1,000 to 1350 degrees Centigrade. 

Q. In the case of the insulation lining, then, you have 10 minutes 
pre-heating time, plus 90 minutes heating time, which gives you 100 
minutes in that case also? A. That is correct. 
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Q. 0 then is it not a fact that considering the pre-heating time 
in both instances, plus the time that the load is in the furnace, that the 
over-all time cycle in both instances is the same? A. That is correct. 

- Q. What if anything could you say, in view of that, with respect 
to the advantage, if any, gained by Benner in using the high heat capacity 
material in place of the ordinary insulation lining? A. Well, the only 
advantage is that the load doesn't have to be in the furnace for as long 
a time in the case of the silicon carbide lining. With the insulation 

lining, the load has to be in the furnace for ninety minutes; but 
with the silicon carbide lining, it only has to be in the furnace for ten 
minutes. | 

Q. Well now, after Benner has, let us say, heated a charge in 
his furnace with the high heat capacity lining, what must be done then 
before a subsequent charge may be put into the furnace for heating it? 
A. He must wait an additional ninety minutes to pre-heat the furnace 
again to 1350 degrees Centigrade. | 

' Q. Actually, then, so far as furnace operation is concerned, 
there is no gain in output by using the high heat capacity lining as 
compared with the ordinary insulation lining; is that right? A. That is 
right. There is no gain. ! 

MR. BALLUFF: I would like to offer the calculations about which 
the witness has testified as Plaintiff's Exhibit No. 7. ' 

THE COURT: Very well. Let it be admitted. 


(Whereupon Plaintiff's Exhibit No. 7 was 
received in evidence.) 


BY MR. BALLUFF: : 

Q. Now, in this case, in rejecting the claims that we are seeking 
here, the Patent Office has, in effect, said that it would be obvious to 
one skilled in the art to add a fan to the furnace of Benner for the 

purpose of circulating the atmosphere of Benner. Now, let's 
assume that we put a fan in the furnace of Benner. Can you state what 


- if any advantage or improvement in result in the Benner furnace would 


be accomplished by the addition of a fan for the purpose of circulating 
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the atmosphere inside the furnace chamber? A. Well, I don't believe 
that there would be any advantage, or at least not any measurable 
advantage. 

Q. Do you have any reasons to support your answer? 

THE COURT: Do you mean by that that the temperature of the 
atmosphere would be uniform without the fan? 

THE WITNESS: I believe it would, yes. That is one reason why 
I don't believe the fan would help. Since the load is exposed on all sides 
to high temperature radiation, the fan would merely circulate a small 
amount of gas around the furnace chamber and, I suppose, around the 
load, too. But Benner states in the patent that the furnace should not 
be a great deal larger than the load that is placed in it. So, consequently, 
there isn't much room left in the furnace for any sizeable amount of 
atmosphere. And since a cubic foot of gas can contain such a small 
amount of heat, even if it is at a temperature of 1350, the amount of 
heat that could be transmitted by circulating that small amount of gas in 

85 this furnace would be negligible, I believe, compared to the 
tremendous quantities of heat that are transmitted by the lining and by 
the resistor, itself, the resistance element. 

BY MR. BALLUFF: 

Q. What is the reason, the basic reason, if any, why the amount 
of heat that could be transferred in Benner's furnace by convection, 
with the use of a fan, would be small or insignificant as compared with 
the method of heat transfer that Benner discloses? A. Well, I think 
the basic reason is that convection heating is not a very effective way 
of transmitting heat if you can instead transmit the heat by radiation. 
Convection heating just isn't as efficient, because you have to heat up 
such a tremendous quantity of gas and circulate such a tremendous 
quantity of gas in order to transmit the amount of heat that is involved 
here. Since Benner can add heat at a rate of 645,000 calories per 
minute by radiation and conduction, I think compared with that figure, 
the amount of heat that could be transmitted by circulating a gas would 
be negligible. 
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Q. Do you have any example by way of comparison for pointing 


up the relative amount of heat that you could transfer by convection in 
Benner as compared with the transfer by radiation that he discloses? 
86 A. I don't have any figures with me. 

Q. Well, I made the statement yesterday, in my opening statement, 
that it would be something like hooking up a canoe in front of the Queen 
Mary for the purpose of attempting to move it along. Do you think that 
is a fair comparison? A. I would say so, yes. It is about that order 
of magnitude, the difference in effectiveness of the two systems. 

Q. Now, we have, in effect, put a fan in Benner's furnace for the 
purpose of exploring the construction disclosed in Benner. Now let's go 
a step farther, and in place of the solid ingot, 11, which Benner is setting 
out to heat, that you put in the furnace instead a tray of pieces of work 
of the kind that we were discussing here yesterday, and which are in- 
volved in the operation of the Dow furnace. Assume that you put such a 
tray of pieces of work in there, and assume that you have a fan in Benner, 
that you have added a fan to Benner, what if any difference in rate of “ 
heating or in the question of securing temperature uniformity through 
the load, or any other relevant considerations -- what, if any, would be 
involved by putting this tray of pieces in Benner's furnace when he has 
got a fan in it, as compared with what he discloses? A. Well, I don't 
believe that the fan would help in that case either. 

Q. And why not? A. Well, I don't think the fan would drive the 


THE COURT: Well, if the atmosphere were uniform, the temperature, 
how could the fan help? | 

THE WITNESS: That is just the point. We don't aes it would. 

BY MR. BALLUFF: | 

Q. When you had such a tray of pieces in there, would you 
describe what the heating would be throughout the load? A. Well, the 
pieces at the outside, or the top of this tray, or basket would be heated 
very quickly and, as a matter of fact, they would be severely over- 
heated. They would be heated to a temperature approaching the 
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temperature of the inside of the furnace, roughly, 1350 degrees, since 
the furnace has already been pre-heated. However, the pieces not at 
the outside of the box, the pieces that are shielded from the direct 
radiation from the heating element, they are in the shade, so to speak, 
they would heat very slowly, and they would only heat by conduction 
between the pieces, and if two pieces are only touching at one point, 


very little heat can travel through that one point. So, consequently, 


only the pieces at the outside or the top of this basket or tray will receive 
any significant amount of heating, unless they were left in the furnace 
for a very great length of time. Ultimately, of course, they would all 

be about equal in temperature. 

Q. If left in long enough? A. Yes. But it would take many hours 
to do it. 

Q. Now, does the Benner patent disclose that there is any utility 
for his furnace in connection with the problem of heating a batch of 
pieces of work of the kind with which we are concerned here? A. No, 
he does not. He mentions at several points in the specification that the 
furnace is to be used for heating a single piece of material. 

Q. Is the problem of heating a single piece of material the same 
as heating a batch of pieces of work, or is it quite a different problem? 
A. It is an entirely different problem, because the conduction of heat 
through a single piece of metal is quite efficient. 

Q. Relatively high? A. Like heat will go through a poker that 
you stick into the fire. The Heat travels through that piece quite quickly. 

Q. What about the conduction through a load of pieces of work? 

Well, it is very very slow. 
Very poor comparatively? A. Comparatively. 

Q. Yes. Now, as an engineer with experience in this field, would 
you consider that it would be desirable or useful to use a furnace of the 
kind disclosed in Benner for heating batches of work? A. No, I do not. 

Q. Now, does the Benner patent say anything at all about convection 
heating? A. No. 

THE COURT: What is the term you used there? 
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MR. BALLUFF: Convection heating. 

THE COURT: Confection? 

MR. BALLUFF: C-o-n-v-e-c-t-i-o-n. That is this heating, Your 
Honor, by circulation of air. | 

BY MR. BALLUFF: : 

Q. Does the Benner patent say anything at all with reference to 
the problem of securing uniformity of temperature through the load? 

A. No, he does not. i 

THE COURT: Well, is it your contention that it is possible to 
secure uniform temperature in the load immediately? Would there not 
be a time when the outside part of that load would be heated to a higher 
temperature than the inside? 

90 THE WITNESS: Yes, that is true. 

THE COURT: That would be the natural result; would i! not? 

THE WITNESS: Yes. It takes a certain length of time, for heat to 
travel through even a perfect conductor. 

MR. BALLUFF: We don't claim, Your Honor, that we eliminate 
the time factor. | 

BY MR. BALLUFF: : 

Q. Now, Benner states, as I recall, that he pre-heats his furnace 
lining to 1350 degrees Centigrade, which is about 350 degrees Centigrade 
higher than the temperature to which he desires to heat the load. Now, 
what effect if any does this over-heating of the lining have as disclosed 
in Benner with reference to the problem of securing temperature 
uniformity through the load? A. Well, it aggravates it considerably. 

Q. Would you explain your reasons for that statement? A. Well, 
if the furnace was not pre-heated when the load was put in, there would 
be a temperature difference between the load, the center of the load, and 
the outside of it, of, roughly a thousand degrees, or 975 degrees, if the 
load was at 25 degrees when it was placed in the furnace. There would 
be a temperature difference of 1,000 minus 25 degrees. However, when 

91 he pre-heats the furnace, there is an extra 350 degrees, or a 


difference between the center of the -- i 
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THE COURT: Do you mean to say that if it were heated to this 
excess temperature of 1350, instead of 1,000 -- I believe I am using the 
right figures -- then you put the load in, that there would be no difference 
in achieving the result of having the entire load heated? 

THE WITNESS: Well, there would be a difference, yes. 

THE COURT: You say, it would aggravate. What do you mean by 
that? | 

THE WITNESS: Well, one point is that there would be a greater 
difference between the temperature in the center and the temperature at 
the outside of the load. 

THE COURT: To begin with? 

THE WITNESS: To begin with. 

THE COURT: Yes. 

THE WITNESS: Because when the piece of steel is first put into 
the furnace, the outside surface is heated quite quickly, in a matter of 
seconds, I should think. 

BY MR. BALLUFF: 

Q. Would it be heated substantially above the 1,000 degrees, which 
is the desired final temperature?. A. Yes, I believe it would. 

Q. Yes. So if I understand you correctly, in Benner, with this 

92 technique of over-heating, you would wind up with a greater 
temperature spread between the outside and the inside of the load than 
you otherwise would? A. Yes, that is correct. 

THE COURT: But the result, the inner portion of the load would 
be heated more quickly with the excessive heat than it would otherwise? 

THE WITNESS: That is correct. 

BY MR. BALLUFF: 

Q. Now, are there any disadvantages in connection with the kind 


of metallurgical reactions that are involved in the operations performed 


in the Dow furnace in over-heating a load? A. Yes, there are many 
objections. 

Q. Well, will you explain your statement? A. Well, I said, 
"many objections.’ They are all tied up with the problem of over- 
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processing those portions of the load which are over-heated. Most 


metallurgical reactions proceed at a certain definite rate of time, at 
any given temperature; but they always proceed faster when the 
temperature is raised. So if you want to achieve a certain result in a 
certain length of time, if you use a higher temperature, you will get 
that result quicker, but that isn't always desirable. : 

93 THE COURT: Is that a question of judgment, difference of opinion, 
or not? : 

THE WITNESS: Well, there is judgment involved in any metal- 
lurgical operation. I cited an example yesterday, with those very thin 
pieces of steel at extremely high temperatures, the processing would 
progress throughout the entire cross-section onlight pieces of that type, 
if they were severely over-heated, and the reaction would proceed 
really at an uncontrollable rate, if it was done at too higha temperature. 

THE COURT: Do you suppose that in operating a furnace of that 
character that if you were using a load of very thin material, that that 
would be taken into consideration in determining the temperature of the 
furnace when that load was inserted? 

THE WITNESS: Yes, it would. However, if one had Anta a da 
cision as to what was the correct temperature to process a particular 
kind of work, he would certainly not want to have that temperature 
exceeded. He would want to know just what temperature was being used. 

THE COURT: Couldn't they regulate the temperature P the 
furnace? : 

THE WITNESS: Oh, yes. The furnace temperature is ee 
and controllable. 

THE COURT: So if it were not needed to make it 1350, and only 

1,000 were needed, it could be regulated to that extent? 

THE WITNESS: That is correct. But Benner states that in order 
to achieve this extremely rapid rate of heating, he must pre-heat the 
furnace to a higher temperature. 

BY MR. BALLUFF: 
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Q. Not only pre-heat, but over-heat; is that not so? A. Yes, 
that is correct. Heating it beyond the desired temperature of the load. 

Q. Is the disclosure of the Benner patent concerned at all with 
the problem of producing a metallurgical reaction in the work while the 
work is in the furnace? A. No; it does not state there is any metal- 
lurgical reaction proceeding at all. Apparently, the only purpose of the 
furnace in the operation is to raise the temperature of this piece of 
steel to something near a thousand degrees, and then the load is removed. 
He doesn't state for what purpose the load is being heated. 

Q. Where you are concerned with performing a metallurgical 
reaction in the work while it is in the furnace chamber, would it or 
would it not be desirable to control the furnace temperature so as to 
prevent the work from being heated above the temperature at which the 
reaction is to be carried out? A. Yes, it would be desirable. 

Q. To— A. Tocontrol the temperature. 

Q. Now, I would like to direct your attention to the Smith patent 
-- which Your Honor will find on Page 9a. I think I might save a little 
time by stating that the type ;of furnace which is disclosed in the Smith 
patent is basically the type of furnace disclosed in the Dow application; 
that is, it is a furnace which is designed for heating a batch of pieces 
of work in a container, in a controlled atmosphere, and by the use of 
convection heating. Is that right? A. That is correct. 

Q. Now, the heating elements employed by Smith are the 
electric resistance elements 21 and 22; is that right? A. Yes. 

Q. And the work basket, 28, for holding the work, is positioned 
in the furnace inside of a cylindrical shell, 27; is that correct? A. Yes, 
that is right. 

Q. Now, would you describe this shell, 27, more particularly, 
and explain what is the significance or utility of the shell with particular 
reference to the description of Smith? A. Well, the only purpose of 
the shell, 27, is to act as a radiation shield. Smith points out that it 
is desirable to prevent any radiation from the elements directly on the 

work in the baskets. 
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Q. So the shell, 27, is interposed between the electric resistance 
heating elements and the work; is that right? A. That is right. 

Q. Now, would you read the part of the specification of Smith 
where he discusses the function of the shell, 27; and I direct’ your 
attention to Page 2, Column 2, Line 99. A. "The desired uniformity 
of temperature of the contents of the basket is the more readily 
obtainable from the fact that the basket 28 or the shell 27, or both, 
intercept the radiant heat which would otherwise be absorbed by those 
parts of the contents lying adjacent the wall or shell 28, causing them 
locally to attain a temperature higher than is due to the heating effects 
of convection or conduction of or from the hot air or gases. In other 
words, it is preferred that the heating shall be effected substantially 
exclusively by convection or conduction and that heating effects due to 
radiant heat should be minimized." | 

Q. Now, I believe that the Smith patent says that the électric 
resistance elements 21 and 22 may be exposed to the atmosphere inside 
the furnace chamber or that they might be imbedded in the refractory 
material. Is that right? A. That is right. 

97 Q. Would you point out the place in the specification where that 
statement is made? I suggest you direct your attention to Page 1, 
Column 2, Line 69. A. Well, he states that the elements can be "either 
embedded in refractory material, or, as illustrated, disposed in the 


open within the furnace chamber adjacent the inner lining 4. " 


Q. So that so far as he is concerned, it is a matter of indifference 
as to whether these resistance elements are exposed or embedded; is 
that right? A. That is right. 

Q. Now, I direct your attention to Page 1, Column 1, ‘Line 47 of 
the specification, and ask you to point out what if anything Smith there 
says with reference to the nature of the lining or filling 9, as he calls 
it, of the furnace. A. "Between the shell 1 and 4, and bétween the 
bottoms 2 and 5 is disposed any suitable filling 9, of refractory material 
of preferably low heat conductivity. " 

Q. Now, does Smith have anything further to say with reference 





98 


108 


to the matter of using heaters or heating elements or lining of low heat 
conductivity? A. Well, he refers to the heaters and states that they 
should have low heat capacity. That is on Page 3, Column 1. 

Q. Line what -- 6? A. Line 6, yes. 

Q. Would you read that statement? A. "The source of heater or 
heating elements 21 and 22 preferably shall have low heat capacity, or 


small capacity for storing heat, in the sense that they are directly or 
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substantially directly exposed to the air or gas within the furnace, or, 

if embedded, the mass shall be small enough to store only relatively 

small amount of heat; or shall have a heat capacity which is low as 
compared with the heat capacity of the material or work to be heat-treated." 

Q. Now, before you go on, would you say that in that sentence you 
have just read that he was talking about the insulation lining as well as 
the heating elements, themselves? A. Well, he doesn't actually say he 
is talking about the lining, but I think it is implied. 

Q. Why is that? A. He specifies explicitly that the heating element, 
itself, should have low heat capacity. 

Q. Well, then he says: "if embedded, the mass shall be small 
enough.'"’ What would that refer to? A. It is not too clear, but I think 
he means the mass consisting of the elements as well as the lining itself. 
Apparently, he wants the furnace structure in general to have a low heat 

capacity. 

Q. Now, will you continue reading that paragraph? 

THE COURT: Page 3, what number? 

MR. BALLUFF: Column 1. He is now down to Line 16, Your 
Honor. 

THE COURT: Yes. 

THE WITNESS: You wish me to continue? 

MR. BALLUFF: Yes. 

THE WITNESS: "This low heat capacity of the resistance elements 
21 and 22, is desirable..." -- 

BY MR. BALLUFF: 

Q. Wait a minute. Does he say, "or equivaleitt"? 


109 : 
A. "Or equivalent," Iam sorry. "This low heat capacity of ‘the 
resistance elements 21 and 22, or equivalent, is desirable from the 
standpoint of ability rapidly to change in temperature, thereby contr ibut- 
ing, with the circulation of the air, to reduction or elimination of over- 
shooting of temperature either when bringing the heating chamber up to 
desired or control temperature, or during control of temperature after 
the heating chamber has been so brought up to or near the desired 
temperature." | 

Q. Well now, in view of that statement of Smith that you have just 
read, would you consider that it would be desirable or useful to use in 
Smith's furnace a high heat capacity material of the kind disclosed in 

100 Benner? A. No, Ido not think it would be advisable. | 

Q. Now, the Smith patent, in the second paragraph on Page dy 
Column 1, states, in effect, that an object of his invention is to render 
more uniform the temperature throughout the heating chamber, and more 
particularly throughout the contents thereof treated therein. ‘Now, he is 
talking about there the desirability of achieving temperature uniformity 
through the load; is that right? A. Yes. 

Q. Now, as I understand the disclosure of Smith, he, in effect, 
says that he achieves this uniformity of temperature by this forced 
circulation of the atmosphere through the load; is that right? A. Yes, 
that is right. : 

THE COURT: Well now, isn't that exactly what you are seeking 
in your application? | 

THE WITNESS: Not entirely, no. ! 

THE COURT: You are seeking uniformity, aren't you, in 
temperature of the load? 

MR. BALLUFF: Yes, that is right. We have the same object in 
mind as Smith. The position that we are hoping to establish is that 
Smith never achieved his quest of uniformity. 

101 THE COURT: That is the way I understand it. 

BY MR. BALLUFF: 
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Q. Now, in connection with the matter of circulation of the 
atmosphere through the load, does Smith say in which direction he 
circulates his atmosphere? A. Yes, he does. 

Q. What does he say in that connection? A. Well, he reverses 
the direction of circulation periodically in an attempt to promote 
temperature uniformity. 

Q. Would you point out where in the specification of Smith that he 
makes that suggestion? I direct your attention to Page 2, Column 2, 
Line 126. A. "The direction of circulation of the air or gas within the 
furnace may be reversed from time to time or periodically, as by re- 
versing the direction of rotation of the fan or blower 39, as described 
and claimed in application Serial No. 10,486, filed by John W. Harsch 
on February 20, 1925." 

Q. Now, if I understand that suggestion of Smith, it would consist 
of directing the hot gases first in, let us say, the top of the load and 
taking them out of the bottom, and then after some time interval, you 
would reverse the fan so that you would direct the hot gases into the load 
through the bottom and bring them out through the top; is that right? 

102 A. Yes, that is right. 

Q. Would you explain the significance of that with reference to 
this question of achieving uniformity of results? A. Well, the idea of 
reversing the circulation is a good one, but there are many practical 
limitations to the idea. They are mainly concerned with the fan, itself, 
in that a fan of the type described by Smith generally only works well 
when it rotates in one direction, and works at much less efficiency when 
rotating in the other direction. So that while his fan may be quite ef- 
fective in circulating a gas in one direction through the load, when he 
reverses the direction of the rotation, his efficiency of circulation is 
probably about one-tenth of what it was before. 

THE COURT: That would depend on the fan; wouldn't it? 

THE WITNESS: That is true. 

THE COURT: Would you say that your statement would be 
applicable to any kind of a fan? 
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THE WITNESS: Well, it depends on the fan; it also ws ad on 
the construction of the inside of the furnace. 

THE COURT: Do you mean to Say that the fan could not be made so 
mechanically efficient that it could operate in either direction with the 
same force? ; 

THE WITNESS: Well, the fan, itself, could probably work 
equally effectively in either direction, but it wouldn't be equally effective 

103 in creating circulation through the load. 

THE COURT: Why wouldn't it? 

THE WITNESS: Well, the way this furnace is built, the fan must 
blow outwards when it is rotating in one direction; and somehow or other, 
it is supposed to blow inwards when it is rotating in the other. I can't 
quite see how that would happen. : 

BY MR. BALLUFF: ! 

Q. Let's take the situation first with reference to Figure 1, where 
the atmosphere goes down through the load, and the fan is pulling the 
atmosphere through the load. Now, will you describe the fan performance 
of Smith with reference to that mode of operation? A. Well, in Figure 1, 
the fan 39, is located right at the floor of the furnace, and if it is rotating 
in the direction to move the gas downwards through the load, the fan will 
then blow out sideways across the bottom of the furnace in all directions 
and then will be deflected by the sides of the furnace upwards to the top 
of the furnace where the gas will then be drawn down through the load 
again to the fan. And in that direction, the fan would work quite effectively. 

Q. Now, supposing we reverse the direction of rotation of the fan 
for the purpose of trying to reverse the circulation, direction of circu- 
lation through the load. A. Well, the fan would have some tendency to 

104 _ blow upwards into the load; but the way he has disclosed the con- 
struction here, the fan blades could also blow the gas outwards across 
the bottom of the furnace at the same time and, in effect, he would be 


trying to circulate a gas in both directions at once, and he would have, 
if any. movement at all through the load, it would be very slight, because 
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the gas would tend to blow off the ends of the fan blades, regardless of 
the direction it was rotating. The only way that that fan could work in 
either direction would be if it was located in a long cylindrical tunnel 
or tube, so the gas was forced to travel in a direction parallel to the 
shaft of the fan. But in this case, the gas can't travel downwards ina 
direction parallel to the shaft. It is deflected outwards across the floor 
or bottom of the furnace. 

Q. Now, if I understand you correctly, you say that with one 
direction of circulation he could obtain good circulation -- that is, with 
one direction of rotation of the fan, he can obtain good circulation, with 
the other, he can't? A. That is right. 

Q. Now, you have also made some reference to, with another 
type of fan that conceivably you might achieve, let's say, the same 
effectiveness of flow in both directions of fan rotation; is that right? 

A. Yes, that is right. 


105 Q. You are talking now about what we might say is an axial flow 


type of afan? A. That is correct. 

Q. Now, has this -- 

THE COURT: Isn't this getting to be slightly argumentative now 
instead of disclosure of facts? 

MR. BALLUFF: Well, the only reason we brought in this re- 
ference to the other fan, Your Honor, was in view of your question; 
and I am prepared to move on now. 

THE COURT: Well, I think we are taking a good deal of time. I 
think our questions are becoming repetitious and we are covering the 
same territory a number of times. Go ahead in your own way. 

BY MR. BALLUFF: 

Q. Is this idea of reversing the direction of rotation of the fan 
for reversing the circulation through the load, is that idea used in the 
art, in the trade, let us say? A. Not to my knowledge, no. It has 
been tried but apparently has not been found effective. 

Q. Now, I would like to direct your attention to the sheet of 
drawings found at Page 3a of our brief, and containing Figures 4 and 3 
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113 : 

of the application drawings, and also the chart at Page 5a of our brief, 

which is entitled, "Atmosphere Circulation Diagram, " and with- 
out going into minute detail, I would like you to explain the construction 
and the mode of operation of the furnace structure disclosed in the Dow 
application here involved with reference to those figures. A. In Figure 
3 on Page 3a, there is shown a cross section. That is the lower drawing 
there is shown a cross section of the furnace which shows the work con- 
tainers at 18, and shows the circulating fan 20 immediately below the 
work containers. 

Q. Now, these containers 18, have perforated sal is that 
right? A. Yes. They are open at the top and bottom for the circulation 
of gas through them. They contain a gridwork, which supports the batch 
of pieces of work contained inside. When the fan is rotating, it blows 
outwards at the bottom of the furnace, and in so doing, creates a suction 
under the center of the load at 18, and draws the gas atmosphere down 
through the containers towards the fan. The fan then blows it across the 
bottom to the sides of the furnace, where it is deflected upwards by the 
side walls, and where it contacts the heating tubes 28. The heating 
tubes, of course, are the source of heat for the furnace. The gas is 
then drawn across the top of the furnace from the heating tubes and then 

down through the load to complete the cycle. The Figure 4, the 
upper drawing on Page 3a, shows six heating tubes 28, three of them 
being located on each side of the furnace. The fan is located under the 
rails shown at the center of the furnace. 

Q. The rails are numbered 17? 

THE COURT: That Figure 4 is supposed to be horizontal ? 

THE WITNESS: That is looking down from the top of the furnace. 
And it merely illustrates the fact that the heating tubes are faclosed, 
each in a separate tunnel, so to speak. 

BY MR. BALLUFF: 

Q. Designated 34 or 36? A. Yes, that is correct. | 

Q. 33, 34 and 36, I think designate those tunnels. A. And it is 
through those tunnels that the circulating atmosphere is directed. 
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Q. Now, what is the nature of the material of which these walls 
or tunnels 33, 34 and 36, is formed? A. Those tunnels are formed of 
a high heat capacity material, with which this application is concerned, 
and they are located immediately adjacent and surrounding each of the 
heating tubes. So that they can be heated by direct radiation from the 
heating tube and also, because of that, they can act as a secondary 
108 source of heat to heat the circulating gas medium. 


Q. Now, let us say that you put a charge of work in the furnace 
in the containers 18. Will you describe the operation of the Dow furnace? 
A. Before the load is introduced into the furnace, the furnace is brought 
to the desired control temperature. 

Q. That is, initially? A. Initially, yes. When it has reached 
that temperature, the load can be introduced into the furnace. The cir- 
culating gases are drawn down through this cold charge of work by the 
fan, and they are then cooled by the work to a temperature approaching 
the temperature of the work, which is essentially room temperature. 
The fan -- 

THE COURT: You take the position, then, that the fan is desirable 
in your case? 

THE WITNESS: Ob, yes. 

THE COURT: All right. 

THE WITNESS: The fan then blows that cooled gas towards the 
outside walls of the furnace, where it contacts the heating tubes, and 
this high heat capacity material which surrounds the heating tubes. The 
fan forces the atmosphere upwards past the heating tubes and past this 
high heat capacity material, where the gas is heated. Then this re- 
heated gas is then drawn down through the load in the containers again 

109 where it is cooled; and this alternating heating and cooling of the 
gas goes on until the load has been brought to the desired control 
temperature. 

BY MR. BALLUFF: 

Q. Now, will you explain what if any significance this high heat 
capacity material 33, 34 and 36, has in connection with bringing the 
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load to control temperature and in helping to achieve, if it does, 
temperature uniformity through the load when control temperature is 
reached? A. When the load is first introduced into the furnace, the 
gas is cooled to a very low temperature, be cooled almost down to the 
temperature of the work; and as that cold gas is circulated upwards 
past the heating tubes, and this high heat capacity material which sur- 
rounds the heating tubes, the cold gas removes heat from es, 
THE COURT: What gas now are you talking about? : 
THE WITNESS: The gas that is contained within the furnace. 
THE COURT: What is the character of that gas? , 
THE WITNESS: Well, it is a prepared gas atmosphere in this 
particular case. It could be air. 
THE COURT: Well, it would take the place of the atmosphere in 
that particular enclosure? : 
110 THE WITNESS: That is correct. It could be air or any y other 
useful gas. | 
THE COURT: All right. | 
THE WITNESS: The gas extracts heat from the heating tubes, and 
this high heat capacity material before it is drawn down through the 
load again. Now, the purpose of the high heat capacity material is to 
augment the heat given off by the heating tubes, themselves. Since this 
material has a high conductivity, it can supply heat to the circulating 
gas quite readily; and during the first few minutes that the load is in the 
furnace, the temperature of this high heat capacity material is lowered 
several hundred degrees; and in so doing, of course, it releases a 
tremendous quantity of heat to the circulating gas. Now, as the load 
approaches the desired control temperature, because this high heat 
capacity material has been somewhat chilled, cooled down below its 
normal temperature several hundred degrees, it acts to slow up the rate 
of heating the load, because once it is cooled down to this lower tempera- 
ture, it starts extracting heat from the radiant tubes by direct radiation. 
That means a portion of the heat that is being released in the radiant 
tubes is now going to heat up this material which surrounds the tubes. 





116 


So, consequently, there is less heat being added to the circulating gas; 
and, in turn, less heat being added to the load in the containers. And 

111 in that connection, this high heat capacity material acts as a sort 
of a brake on the rate of heating of the load, and serves to reduce the 
rate of heating the load during the time when the load is approaching the 
control temperature; and the purpose in doing that is to reduce the 
temperature gradient throughout the load. 

BY MR. BALLUFF: 

Q. Now, before we get to the temperature gradient, just to be 
sure that we haven't overlooked anything, you have said, in effect, that 
during the first part of the heating cycle these walls give off heat to the 
gas? A. Yes. 

Q. And then subsequently, the walls begin to absorb heat from 
the heating tubes? A. That is correct. 

Q. Now, what useful purpose is accomplished by, in effect, 
recharging these walls 34 with heat? A. Well, the purpose in recharg- 
ing them with heat is so that the furnace will be available for the next 
charge that is to be inserted. When the first charge has been heated to 
its control temperature, even if it was removed at that instant when it 
reaches control temperature, the furnace is immediately available for 
heating a second load that could be placed in the furnace. 

112 Q. After the furnace is -- 

THE COURT: Well now, you say the walls will absorb the heat. 
From what source will they get it, from the atmosphere or gas? 

THE WITNESS: No. They receive their heat only from the heat- 
ing tubes. 

THE COURT: Yes. 

THE WITNESS: Because that is where the fuel is being burned to 
heat the furnace. 

THE COURT: Yes. But you spoke of their being recharged. That 
is from the same source? 

THE WITNESS: That is correct. The heating tubes continue to 
supply heat until the load has been brought to the control temperature, 





117 : 
at which time the combustion is turned off, and very little additional 


heat is supplied into the furnace from that point on. | 

THE COURT: You spoke of recharging the walls, reheating the 
walls. What did you mean? 

THE WITNESS: They must be returned to the control temperature 
at the same time the load reaches control temperature. 

THE COURT: Well now, after that potnt, when the load has 
reached the control temperature, then what happens? You remove the 
load? A. In some cases the load is removed at that time. In other 

113 _ cases, the load is left in the furnace for a definite length of time 
in order to produce some definite metallurgical reaction in the load. 

BY MR. BALLUFF: ~ : 

Q. This metallurgical reaction occurs after the load reaches 
control temperature; is that right? A, That is right. i 

Q. Now, with respect to this matter of recharging the heat in 
these walls, I believe you stated that was for the purpose of bringing 
these walls back to the control temperature. Now, the practical con- 
sequences of that recharging are what? A. Well, that allows the 
furnace to be used for a second load immediately after the first load 
is removed. Now, if the metallurgical result desired is achieved ina 
minute or two after the load is brought to the control temperature, and 
the load is removed, the following load can be placed in the furnace 
immediately. There is no time loss for reheating these walls. 

THE COURT: That is clear. I understand it. : 

BY MR. BALLUFF: 

Q. Now, the time that the load is maintained at eontnu tempera- 
ture depends upon the time required to carry out the desired metal- 
lurgical reaction? A. That is correct. | 

114 Q. And that could vary from a few minutes to poss bly a couple 
of hours; is that right? A. That is right. 

Q. Now, would you explain how this high heat capacity material 
functions, if it does, to minimize or reduce the temperature gradient 
through the load at the time that control temperature is reached? 
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A. Since this high heat capacity material has been cooled off by the 
circulating gases during the first part of the heating cycle, it reaches a 
temperature of equilibrium, so to speak, and doesn't become cooled any 
further. If the furnace was at 1560 degrees when the load was inserted, 
if the load cooled off this high heat capacity material to a temperature 
of, say, 1,000 degrees, when the load reached 1,000 degrees, it wouldn't 
cool this material any further; at which point the heating tubes would 
have to supply heat not only to the load, but to this high heat capacity 
material as well. Consequently, less heat is being added to the load 
during the latter stages of the heating period, and since less heat is 
being added to the load, the load can be heated much more uniformily. 
Q. Well now, would you discuss that phase of it with reference to 
these charts shown on Page 23-a of the brief, which are Figures 7 and 
8 of the Dow application involved here? A. Figure 7 is a chart which 
115 illustrates how a conventional convection heated furnace would 


perform. 


Q. And the Smith patent is an example of that? A. That is correct. 
Q. Yes. A.’ Now, Curve No. 57 in that diagram represents the 

temperature of the parts at the top part of the load, that is, that portion 

of the load which is first contacted by the hot gases from the heating means. 
Q. And that Curve 57 shows how the temperature of that part of 

the load increases with respect to the time interval? A. That is 


correct. 

Q. The time is plotted vertically there, whereas temperature is 
plotted horizontally? A. Yes. That Curve 57 shows that the load was 
placed in the furnace with a temperature of 75 degrees, and was heated 
to a temperature of 1500 degrees. 

Q. In the matter of sixty minutes? A. That is correct. 

Q. In this case, the 1500 degrees is the control temperature? 
A. Yes. Now, Curve 58 shows how the temperature at the bottom of 
the load changes after the load is placed in the furnace. That is the 
temperature of those parts at the bottom part of the load which are 

116 naturally heated at a slower rate than the parts at the top of the load. 
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Q. And what does this chart show with respect to the time interval 
required to bring the parts of the load at the bottom up to control tempera- 
ture? A. Well, it shows that at the end of sixty minutes, the parts at 
the top of the load have reached the control temperature, 1500, but that 
the parts at the bottom of the load have only reached the temperature of 
1100, or a little bit more than 1100 degrees, a difference of nearly 400 
degrees between the top and the bottom portions of the load. It also 
shows that an additional fifty to fity-five minutes is required before the 

‘parts at the bottom of the load have reached the control temperature. 

Q. That is, fifty-five minutes after the top of the load got there? 
A. That is correct. For a total time of one hour and fifty-five minutes 
to heat the entire load to the control temperature. | 

Q. Now, if I read this chart correctly, that would mean that after 
the top of the load gets to control temperature, the metallurgical reaction 
would begin in the material at the time of the load and would continue 
for about fifty-five minutes before the work at the bottom of the load 
reached control temperature; is that right? A. That is correct. 

117 Q. What difference would that make with respect to the question 
of uniformity or lack of uniformity of results in the processing of the 
material? A. Well, it would mean that the parts at the top of the load 
would have approximately fifty or fifty-five minutes more processing 
time at the control temperature than the parts at the bottom 3 the load 
would have. 

Q. Now, would you refer to the curves shown in Figure 8 and ex- 
plain the corresponding curves of Figure 8, and compare the performance 
of the furnace results shown in Figure 8 with Figure 7? A. In Figure 
8 is shown the progress of the heating of a load, a batch of pieces of 
work in a furnace using this high heat capacity material surrounding the 
radiant tubes. Curve 62 in Figure 8 shows how the temperature of the 
parts at the top of the load changes from the time the furnace is loaded 
until it reaches the control temperature of 1500 degrees. : 

Q. Now, that Curve 62 is a curve that corresponds with 57 in 
Figure 7; is that right? A. That is correct. 
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Q. And in Figure 8, it still takes you sixty minutes or one hour 
118 for the top end of the load, or the hot side of the load to reach 
control temperature; is that right? A. That is correct. Curve 63 in 
Figure 8 depicts the temperature of parts at the bottom of the load; and 
there is still a temperature gradient; but at the time the parts at the top 
of the load reach control temperature at the end of sixty minutes, the 
temperature of the parts at the bottom, instead of being 400 degrees 
cooler, are a matter of some 240 degrees cooler, which is a sizable 
reduction in the temperature gradient. One other thing is noticeable. 
The temperature of the parts at the bottom of the load, as shown in 
Curve 63, are brought to the control temperature in thirty-five minutes 


additional. time as compared with fifty-five minutes additional time in Figure 7. 


THE COURT: Is that 55 or 50? 

MR. BALLUFF: I think perhaps it is more like 50, the way I 
read it. 

THE COURT: I think it is 50. Very well. That is immaterial. 

THE WITNESS: Now, this Figure 8 illustrates how this high heat 
capacity material operates. During the first ten or fifteen minutes of 
the heating period, the temperature of the load is brought to quite a 


high temperature ina very short length of time. But from that point on, 


the load is heated much more slowly than it is shown in Figure 7. 

BY MR. BALLUFF: 

Q. Well does this, let us say, bulge in this Curve 62, this very 
pronounced bulge have any significance with respect to this high heat 


capacity material? A. Yes, it does. It shows that the high heat capacity 


material has definitely augmented the heat given off by the heating tubes 
during the first, say, fifteen minutes of the heating cycle, and accounts 
for that very rapid rate of heating at the beginning. It also shows that 


the rate of heating to the load, itself, has been noticeably reduced during 


the next forty-five minutes of the heating period. The Curve 62 is in- 
creasing at a much slower rate than the Curve 57 in Figure 7. It is 
also seen that the difference between the temperature at the top and the 
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bottom of the load is much less through most of the heating cyele in 
Figure 8 than it is in Figure 7. 

Q. Well now, is it not true that the Curves 63 and 62 — 
each other long before control temperature is reached? A. ‘Yes, they 
do. They reach their closest point at thirty minutes after the furnace 
is loaded; but they do not separate appreciably beyond that time. They 
separate slightly. 

120 Q. So would it be fair to say, then, that with we to the curves 
shown in Figure 8, that the curves approach each other before control 
temperature is reached and then they slightly diverge with respect to 
each other, after this minimum divergence is reached? A. ‘That is 
correct. : 

Q. Now, in the case of the curves shown in Figure 7, latter, let's 

say, about ten minutes of heating time, isn't it true that the Curves 57 

and 58 diverge from each other until after the control temperature is 

reached? A. Yes. They have about the same divergence after ten 


minutes in Figure 7 as they do after thirty minutes in Figure 8. The 
point is that in Figure 7, in the furnace without this high heat capacity 
material, the temperature difference between the top and bottom in- 
creases continuously from that point on, and reaches a maximum of 400 
degrees, roughly, when the top pieces in the load reach the pontrol 


temperature. 

Q. Now, with reference to the curves in Figures 7 and 8, what 
effect if any is there in one case as compared with the other on the use 
of the high heat capacity material with reference to the average tempera- 
tures of your heating tubes? A. Well, the temperatures of the heating 
tubes are indicated along the left side of each of these two figures. 
There are four rows of figures there. The lower one, or the one on the 

121 left shows the temperature of the heating tubes. It is listed as the 
heater temperature. And it will be noticed that in Figure 7 the heater 
reaches a maximum temperature of 1920 degrees Fahrenheit at the time 
the top part of the load has reached the control temperature. That. is, 
at the end of sixty minutes. In Figure 8, the maximum temperature is 


1 
| 





122 


reached at the same time, but it is only 1720 degrees, a difference of 
200 degrees in between one case and the other. 

THE COURT: How do you indicate that on this graph? 

THE WITNESS: Well, there is no graph for those temperatures 
of the heaters. They.are indicated as just a column of figures at the 
bottom of each of those charts. I am afraid they are upside down. They 
are a little hard to read. 

MR. BALLUFF: I think, Your Honor -- 

THE COURT: Yes, I understand. 

BY MR. BALLUFF: 

Q. Now, is this matter of the temperature of the heating of the 
tubes of any significance in connection with the operation or the life of 
a furnace of this kind? A. Yes, it is. 

Q. Well, would you explain your answer? A. Well, these heat- 
ing tubes are ordinarily made of metal of some sort of heat-resisting 
alloy, and they will withstand quite high temperatures. But they will 
also melt if they are heated to too high a temperature; and the life of 
these heating tubes depends in part on the maximum temperature to 
which they are heated. The closer they are heated to the melting point, 
the more quickly they will fail. So that there is a significant difference 
in these heater temperatures as far as the life of the heaters is concerned. 

Q. Would you say that a 200-degree difference, exemplified by 
the figures, was a matter of substance, a matter of significance in con- 
nection with the life of the heaters? A. Yes, I would. 

Q. I direct your attention to Page 30a of the brief, which shows 
another curve, and ask you if you will briefly state what the nature of 
that curve and test is, and how it compares with the curves shown in 
Figure 8 of the application about which you have just testified? 

THE COURT: What page? 

MR. BALLUFF: 30a, Your Honor. 

THE COURT: 30a. 

THE WITNESS: Well, this figure on Page 30a shows the results 
of a temperature uniformity test that was performed on a furnace using 
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this high heat capacity material. 

BY MR. BALLUFF: 

Q. That is, that is a furnace of the kind shown in the application 
here? A. That is correct. 

123 Q. Was this test made particularly for the purpose of this trial? 
A. No, it was not. | 

Q. It was made in the ordinary course of business of the Dow 
Furnace Company? A. That is correct. ! 

Q. Will you go on then? A. These curves are drawn on the same 
scale as the ones that we have just been looking at; and it shows the 
progress of heating a load from room temperature to a control tempera- 
ture of 1550 degrees Fahrenheit. Curve 1 shows the temperature of 
gas leaving the heating tubes and entering the load, which is substantially 
the temperature of the parts at the top of the load. Curve 2 shows the 
temperature of the gas leaving the load, which is an indication of the 
temperature of the parts at the bottom of the load. | 

Q. Now, what does this curve show with reference to the 
temperature gradient in the load at the time that the top of the load reaches 
control temperature? A. It shows that the temperature gradient has 
been reduced to a value slightly over 100 degrees at the time the top 
part of the load has reached the control temperature. . 

124 Q@. And what does it show with reference to the amount of time 
that would be required for the bottom of the load to reach control 
temperature after the top had reached control temperature? | A. Well, 
it shows that substantial uniformity between the top and the bottom parts 
of the load is reached in some twenty-five minutes after the top part of 
the load has reached the control temperature. i 

Q. Well now, would you say that this curve shows performance 
which is as good, better, or worse than the performance shown in 
Figure 8? A. I think it shows that the performance has been improved 
as compared to Figure 8. 

Q. Now, the rest of the sheet contains the data with respect to~ 
the load that was run; that is, it shows the net weight of the load was . 
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506 pounds. What does it show with reference to the case depth results 
secured at the top of the load as compared with the bottom of the load? 
A. Well, it shows that the average case depth -- that is a metallurgical 
result that was desired in this particular operation -- at the top of the 
load is two-thousandths of an inch greater than the average case depth 
at the bottom of the load. 

Q. The average case depth at the top would be what, 8-1/2 
thousandths? A. That is correct. 

Q. And at the bottom, 6-1/2 thousandths? A. That is correct. 

Q. Now, in terms of results, how would you characterize those 
results from the standpoint of uniformity or lack of uniformity? A. They 
are excellent. The type of load being processed is a difficult one in which 
to achieve uniformity, and to my knowledge, there is no other type of 
furnace that would give you that degree of uniformity. 

Q. Now, would you say that this data and curves on Page 30a was 
a fair sample of the results that might be achieved in the Dow furnace 
embodying this high heat capacity material and this forced circulation 
that is disclosed in the Dow application? A. Yes, Ido. It was a re- 
gular production load run under production conditions in a heat treating 
shop. 

Q. Typical results? A. Typical results, yes. 

MR. BALLUFF: I would like to offer that curve as our next 
exhibit, No. 8. 

MR. COCHRAN: If Your Honor please, this curve appears on its 
face to be quite different from Figure 8. Figure 8 is labeled, and is 


indicated in the application as representing the applicant's results with 
126 his structure. Since the two are quite different, the presumption 
is there is a difference in the devices which produced them. So I would 
object to this as being irrelevant in the absence of a further explanation. 
THE COURT: What do you say as to that? 
MR. BALLUFF: Well, this is offered as a typical example of the 
results that it is possible to achieve with the use of the invention which 
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is disclosed in the application here involved. When the application was 
filed, the invention had just been developed, and the inventor made some 
tests to determine the results of it. This curve shows that it is possible 
to obtain even better results than originally disclosed, which is not at 
all an unusual situation. The witness has said that they are better re- 
sults, and they are typical of the results that are achieved. | 

THE COURT: Let it be admitted. Exception allowed. Let's get 
along. We are taking a lot of time on this case, gentlemen. I think we 
are spending too much time on repetitious matters. : 

MR. BALLUFF: This will be Exhibit No. 8. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 8, and received in 
evidence. ) 


127 BY MR. BALLUFF: 

Q. I direct your attention now to the Kelleher patent, No. 
1,637,486, which is to be found at Page 19a of the brief, and I would 
ask you briefly to describe the construction of the furnace there 
illustrated. A. The Kelleher patent, rather, this drawing, which is 
shown as part of the patent, appears to be not a whole furnace but just 
that portion of the furnace which contains the heating element. 

Q. The heating element is designated 3? A. That is correct. 

Q. That is ina chamber designated 2? A. Right. — 

Q. Now, is that chamber 2 the furnace chamber in which the load 
to be treated in the furnace is inserted? A. No, it is not. The load is 
placed in an adjacent chamber. : 

Q. What is the relation of this chamber 2 with reference to the 
furnace chamber? The furnace chamber is not shown; is that right? 

A. Yes. : 

Q. What is the relation of this heating element chamber 2 with 
reference to the furnace chamber? A. Well, I believe that the furnace 
is located on the other side of the wall shown as 10 in Figure 2. 

128 Q. And that wall is a wall of what kind of material? A. Silicon 
carbide, I believe is the material. 
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Q. What is the function of that wall 10? A. Merely a wall of a 
highly conductive refractory material which conducts heat from the 
heating element chamber 2 to the furnace chamber on the other side of 
the wall 10. 

Q. Now, does that wall 10 separate or divide the two chambers? 
A. Yes, it does. 

Q. Is there any provision in Kelleher for the circulation of 
atmosphere between the furnace chamber and the heating element 
chamber 2? A. No, there is not. 

Q. Is it not true that the Kelleher disclosure was made for the 
purpose expressly of preventing the circulation of atmosphere in the 
furnace chamber, to prevent that atmosphere from circulating in the 
heating element chamber 2? A. That is ;correct. 

Q. Now, turning to the FitzGerald patent, No. 1, 646,058, that 
discloses an arrangement which is essentially the same as that disclosed 
in Kelleher; is that right? A. That is right. 

Q. That is, the heating elements 5, which are electric resistance 

129 heaters, are disposed in a separate chamber from the work that 
is to be treated; is that right? A. Thatis right. 

Q. Now, the €iiz“erald patent shows what might be called a car- 
type of a heating furnace, in which the work is carried on flat cars 23; 
is that right? A. Yes. 

Q. And what is it in FitzGerald that separates the heating element 
chamber D from the chamber in which the cars move? A. Well the 
chamber D is separated from the furnace chamber H by the wall -- 

Q. 20? A. -- 20. 

Q. Is that right? A. That is right. 

Q. And that wall 20 is of what kind of material? A. It is also 
made of silicon carbide, a highly conductive refractory. 

Q. What was the purpose that FitzGerald said that he put his 
heating element in a chamber D, separate from his furnace chamber H? 
Why did he do that? A. In order to prevent contact between the at- 
mosphere in the furnace chamber H from reaching the heating elements 





5 and 6. 

Q. So is that true, that there is no contact in FitzGerald between 
the atmosphere and the furnace chamber H and the heaters 5 éim-the heater 
chamber D? A. That is correct. There is no contact. | 

Q. Does the material 20 which separates the chambers D and H 
have any function in FitzGerald other than to transmit heat from one 
chamber to the other? A. No, it doesn't. 

Q. There is no disclosure in FitzGerald of any use of that 
material for the purpose of accelerating the heating of the load? A. No. 

Q. I hand you a copy of a patent to Tauber, 2, 686, 665, for a heat 
treating furnace, this patent having been issued on August 17 , 1954, on 
an application filed October 14, 1950; and I would like to ask you as to 
whether or not the furnace structure there shown is not essentially the 
type of furnace structure which is shown in the Smith patent that we have 
previously discussed? A. Yes, they are essentially the same. 

Q. This Tauber patent was issued to the Leeds and Northrup 
Company? A. That is correct. | 

131 Q. And they are the same people to whom the Smith patent issued; 
is that right: A. Correct. 

Q. Now, does this Tauber patent suggest or disclose the idea of 
reversing the circulation of the atmosphere in the furnace chamber 
through the load, so as to attempt to obtain uniformity of results in the 
load? A. No, it does not. 

Q. What, if anything, does this patent disclose with reference to 
the problem of securing uniformity of temperature through the load? 

A. It discloses a device to improve the circulation of the atmosphere, 
to improve the efficiency of the operation of the fan. That device is shown 
in Figure 2. i 

Q. He doesn't propose or suggest the idea of reversing the direc- 
tion of rotation of the fan for the purpose of reversing the circulation of 
the atmosphere in the furnace chamber? A. No. | 

MR. BALLUFF: I would like to offer this Tauber patent in 
evidence as Plaintiff's Exhibit No. 9. 
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MR. COCHRAN: No objection. 


(Whereupon the said document was marked 
Plaintiff's Exhibit No. 9 and received in 
evidence.) 


132 MR. BALLUFF: This patent is not prior art, Your Honor. 

BY MR. BALLUFF: 

Q. Now, before we leave this question of temperature uniformity 
through the load, I think that we should bring out the fact that the tempera- 
ture variation through the load will, of course, vary, depending upon 
the size of the load, and the depth of the load, and the nature of the in- 
dividual pieces that make up the load, as well as the rate at which the 
atmosphere is circulated through the load. Is that right? A. That is 
right. 

Q. Are there any other factors that enter into this question of 
temperature uniformity through the load? A. Well, the temperature, 
the desired control temperature has an effect upon the ease with which 
substantial uniformity can be attained. 

Q. So with respect to these curves that we have put in, those 
curves are only valid with respect to loads of a certain size, a certain 
type, a certain depth of load; is that right? A. That is correct. 

Q. And you might get materially different figures on temperature 
variation on different size loads, andsoon? A. That is right. 

MR. BALLUFF: Would you kindly mark this as Plaintiff's 
Exhibit No. 10. 


133 (Whereupon the said document was marked 
Plaintiff's Exhibit No. 10, for identifi- 
cation. ) 


BY MR. BALLUFF: 

Q. I hand you a circular identified as Plaintiff's Exhibit No. 10, 
and ask you to examine it and identify it, if you can. 

MR. BALLUFF: That is the circular, Your Honor, on Page 33a 
of our brief. 

THE WITNESS: This is a publication of the Lindberg Engineering 
Company of Chicago, and it is called, "Heat Treating Hints," and is 
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a periodical published by this company, containing information of interest 
to people in the heat treating industry or profession. 
BY MR. BALLUFF: 
Q. Does that article bear any date? A. It is "Copyright 1952." 
Q. Who is the Lindberg Engineering Company? A. The Lindberg 
Engineering Company is a manufacturer of heat treating furnaces. 
+) Q. Are they competitors of the Dow Furnace Company? A. Yes, 
they are. 
Q. Is there any connection between the Dow Furnace Company and 
the Lindberg Engineering Company? A. No, there is not. _ 
! 134. Q. ‘Did the Dow Furnace Company have anything to do with the 
: preparation or the publication of this —— article? A. No, it 
did not. 
v Q. The first that anyone at Dow knew about it was when n they saw 
! a copy of the article; is that right? A. Thatis correct. 
MR. BALLUFF: I would like to offer this article in evidence as 
Plaintiff's Exhibit No. 10, Your Honor. 
MR. COCHRAN: I will object to this as tending to prove any 
facts stated in the article. The author is not here for cross examination, 
Your Honor. 
THE COURT: Well, there is no Jury in this case. It will be 
admitted, and exception allowed. I don't see’ its materiality. 


(Whereupon Plaintiff's Exhibit No. 10 was 
received in evidence. ) 


* Xe * * 5 i cd 
135 THE COURT: Now, let me ask you this question. In this case you 
have an opinion by the Appeals Board of the Patent Office. This trial 
here, however, is de novo. But is that, in effect, an appeal from the 
‘ Board, the examining board in the Patent Office? 3 
MR. COCHRAN: I think that you can assume, Your Honor, that 
evidence has been presented here that was not presented to the Board 
of Appeals. However, that evidence must be such as to overcome the 
presumption, the usual presumption of the correctness of the adminis- 
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trative decision. 

THE COURT: What I am getting at is, this is not a direct appeal 
from the Board of Appeals? 

MR. COCHRAN: That is correct. There is an avenue for that 
to the Court of Customs and Patents Appeals. This is an alternative 
type of review. 

MR. BALLUFF: Which is used where the applicant desires to 
bring into the evidence some additional evidence. 

THE COURT: Very well. 

* * x 

136 BY MR. BALLUFF: 

Q. With reference to your testimony this morning concerning 
the pre-heat time required by the furnace of Benner, is there anything 
in the specification of the Benner patent which would tend to substantiate 
the figures that you arrived at this morning; and if so, would you kindly 
point itout? A. Yes, there is some substantiation. On Page 2 of the 
Benner patent, itself, in Column 1, Line 12, Benner states that: "The 
time of heating for'a massive charge of metal can be decreased to 
approximately one-tenth that when the charge is heated by radiation from 
the resistor alone, as is approximately the case with a highly insulating 
refractory lining. "' Now, the figures we presented this morning showed 
that the time of heating the load with the furnace lined with the insulating 

137 material was ninety minutes, and the time for heating the load 
with the high heat capacity material was ten minutes, which is approxi- 
mately one-tenth -- ten minutes is approximately one-tenth of ninety 
minutes. 

Q. And in your opinion, that statement in the specification of 
Benner is consistent with your explanation and interpretation of the 
pre-heating time required by Benner? A. Yes, I do believe that. 

Q. Now, you testified this morning that this technique suggested 
in Smith of reversing the direction of circulation through the load was 
not used in the industry. A. That is right. 

Q. I would like to leave the Court with some impression of what 
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the general practice in the industry with respect to furnaces of this type 
is, andI, therefore, ask you whether the construction shown in the 
Smith patent, except for this reversal of circulation which isn't used, 
and the construction shown in the Dow application here involved, are 
those two types of structures typical or illustrative of the practice 
followed in the industry today for furnaces of this kind? A. Yes, they 
are. | 

MR. BALLUFF: That is all, Your Honor. 

CROSS EXAMINATION 

BY MR. COCHRAN: 

Q. Mr. Holman, I believe you testified that Exhibits 3 and 4 show 
the commercial Dow Furnace Company furnaces rae lal the principle 
of this application? A. That is correct. 

Q. Do you know if these machines which are pictured in Exhibits 
3 and 4 incorporate any features which have been patented? A. I believe 
there is one patent that is being made use of in the construction of these 
furnaces. | 

Q. Now, in testifying as to the Benner patent, you referred toa 
number of things about his disclosure which you felt were different from 
the Dow disclosure, the Dow disclosure being the application in issue. 
A. Yes. | 

Q. As understood them, just summarizing, you referred to 
Benner's failure to provide for transfer of heat by convection. A. Yes. 

Q. The fact that Benner heated a large body, such as an ingot, 
instead of a mass of small bodies. A. That is correct. _ 

Q. The fact that Benner operates at higher temperatures than 

139 Dow does. A. Yes, that is true. 

Q. And, accordingly, he would over-treat certain parts of the 
charge in view of that. A. Well, the reason he would over-treat 
portions of the charge is because of this pre-heating of the furnace to 
a temperature higher than ultimately desired in the charge. 

Q. Now, it certainly is true that Benner is similar to Dow in 
that he uses heat capacitors? They are similar to that extent; are they 
not? A. Well, yes, they both use this high heat capacity material. 
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Q. And the high heat capacity material is the same material that 
Dow uses; is that right? Benner's and Dow's material is the same 
silicon carbide, to be exact? A. Well, actually, the Dow furnace 
doesn't use silicon carbide. | 

Q. Silicon carbide is disclosed in the application as a material 
that can be used? A. It is a material that can be used. It is not at 
present being used. 

Q. And the heat capacitors in Benner are at least in part mounted 
in the side walls of the furnace, similar to Dow's? A. That is true. 

140 Q. And the high heat capacity material is provided in a mass in 
Benner's device sufficient that a large part of the heat necessary to 
bring a charge up to temperature is provided by the heat capacitors; 
isn't that true? A. Could I refer to this? 

Q. Yes, surely. A. Before I answer that. 

THE COURT: Will you state your question again? 

BY MR. COCHRAN: 

Q. The mass of high heat capacity material provided in the Benner 
device is sufficiently large that a considerable portion of the heat -- it 
will store a considerable portion of the heat necessary to bring the charge 
up to temperature? A. Yes, that is probably true. 

Q. Now, you have emphasized repeatedly in your testimony that 
Benner's temperatures are higher than Dow's. Can we assume from 
that that you take the view that Dow's invention is limited to a lower 
range of temperatures than Benner's disclosure? A. No. It is not 
theoretically limited to lower temperatures. There is a practical 
limitation of temperature. 

Q. Then the temperature difference is not a difference in disclo- 
sure as between Dow's invention and the Benner disclosure; is that 

141 right? 

MR. BALLUFF: What temperature difference are you speaking 
about, Mr. Cochran. 

THE WITNESS: Well, the difference in the temperature of 
operation, the difference in the control temperature being used is not 


significant. ! 
THE COURT: The question is, is it a difference in your specifi- 
cation, in your idea of your invention; is it that or is it in the eee 


of the furnace in each case? 

THE WITNESS: Well, the method of operation disclosed d by Benner, 
the business of pre-heating the furnace to this exceptionally high tempera- 
ture, that may be all right for the type of heating that he is attempting 
to do; but it would be very incorrect to use that principle of over-heating 
a furnace -- | 

THE COURT: For a small body? | 

THE WITNESS: -- for a number of small pieces that are to be 
processed metallurgically in the furnace. 

BY MR. COCHRAN: 

Q. And so the high temperatures, that becomes important when 
you treat a mass of small objects; is that your testimony? A. No. 
That isn't what I meant. When certain metallurgical operations are to 


| 
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be performed in the furnace, it would not be considered good practice 
to over-heat any portion of the load beyond a temperature at which you 
decided the work should be processed. ! 

Q. That would be true at any temperature? A. That would be 
true at any temperature, yes. i 

THE COURT: Just on that point. Is it your eententiod that under 
the Benner process the heat could not be reduced to meet the situation 
that you need, of smaller bodies? 

THE WITNESS: It is my understanding of the Benner disclosure 
that he is only able to heat this ingot in ten minutes when he pre-heats 
the furnace to this exceptionally high temperature, the temperature of 
350 degrees over the desired control temperature. If he didn't pre-heat 
the furnace, I don't believe that he could hope to heat his load in ten 
minutes. : 

BY MR. COCHRAN: 

Q. Is the Dow furnace pre-heated? A. No. Well, it is ead 
up to the desired control temperature. 
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Q. Yes; and then a batch is removed. A. And another batch is 
placed in immediately. The furnace is not heated up in between batches. 

Q. Now, you have also mentioned that Benner treats large ingots. 
You have emphasized that. Whereas you have inferred, at least, that the 
Dow invention treats a mass of small pieces. Now, is it your under- 

143 standing that the Dow invention is limited to treating a mass of 
small pieces? A. No, it is not limited; but that is a much more diffi- 
cult type of heating to do and, consequently, it is necessary to use 
convection heating in order to heat this mass of relatively small parts. 

Q. In and of themselves, then, the difference in temperature 
between that disclosed by Benner and that disclosed by Dow, and the 
fact that Benner treats a large piece and Dow treats a series of small 
pieces, those are not actually distinctions; are they? A. No. The 
distinction arises from the fact that in the Dow furnace the high heat 
capacity material is used in conjunction with a fan to provide forced 
circulation of the atmosphere. 

Q. Now, that is the crux of the matter; is it not? A. That is 
right. 

Q. Just as an incidental matter, it wasn't your testimony that 
Benner was not interested in uniformity of heating? You didn't mean 
to indicate that? In fact, Benner does mention uniformity of heating; 
does he not? A. I don't believe he mentions it as being a problem to 
overcome. Apparently the type of heating job he is trying to do is not 
affected by non-uniformity. 

144 Q. On Page 2 of Benner, Column 1, he recites four advantages, 
beginning at Line 31, four alleged advantages of the use of his furnace. 
What would you say to number three, in the light of your testimony? 
A. Well, his number three states that: "Heat is applied uniformly to 
all parts of the charge, including those parts shielded from direct 
radiation from the resistor." I think it is obvious that he is referring 
to the outside surface of the piece. Heat is applied uniformly to all of 
the outside surfaces of the piece, because they are in a position to 
receive heat by direct radiation from the resistor or the lining, and 
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except for the under-surface of the load, it can receive its heat only by 
virtue of its being in contact with the floor of the furnace. 

Q. It js fair to say, then, to some extent he is interested in 
uniformity of heating? A. Well, yes, he is heating all of the outside 
surfaces uniformly. : 

Q. Now, I understood you to testify as to Benner that there would 
be nothing in this disclosure to prevent you from treating small pieces 
of work by mounting the mass of small pieces ina perforate holder, a 
basket, in the Benner furnace. A. Well, I believe there would be a very 
great difference there. I don't believe the Benner furnace would heat 
them. | 

145 Q. Wasn't it your testimony that it would heat them too much? 
A. It would heat the outer pieces, the parts at the top of the load or at 
the side. It would heat them very quickly, but the parts within the mass 
would heat extremely slowly. 

Q. Now, a furnace designer tries the Benner furnace and he runs 
into this problem that the parts exposed to radiation from the heat 
generators and from the heat capacitors would be such as to bring the 
outside elements, the outside parts being treated toa higher temperature 
than he wants. What would be the natural thing to think of first? Wouldn't 
lowering the temperature be one of the things he would think of? A. That 
is true. 

Q. But that would have a disadvantage; wouldn't it? A. That 
would cut down his speed of heating. ! 

Q. Yes. Asacorollary to that, it would mean it would take an 
extraordinarily long time to bring the parts at the center, which were 
not being subjected to radiation, up to heat? A. That is true. 

Q. Yes. A. His process is fast mainly by virtue of the fact that 

146 he pre-heats the furnace, 

Q. Now, what had been done in the art to attempt to overcome 
this problem of high heat on the outside and lesser heat on the inside ? 
What was the way to try to reduce the temperature gradient? Wasn't 


one of the ways to cause a flow of heated gas through the perforate basket? 
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A. That is correct. I wonder if I could make a comment here? 

Q. Yes, yes, make any comment you like. A. For the type of 
heating that Benner is trying to do here, and the type of material he is 
trying to heat, it may be quite in order for him to allow at least a portion 
of that load to reach a temperature of 1350 degrees. However, the 
number of cases where that would be allowable are somewhat limited, 
because most steels will melt or will at least start to melt at that 
temperature. He refers to that temperature two or three times as being 
the desired temperature. Now, most steels would be very heavily -- 
we would say -- burnt, oxidized by heating to such a temperature. There 
may be cases where that is not important that they do that; but I should 
think that those cases would be relatively limited. 

Q. Now, you have testified -- A. And one other thing. That 

147 temperature he mentions of 1350 would also be severely damaging 
to any metallic fan that might possibly be used in such a furnace. 

Q. You base your objection to Benner principally on the tempera- 
ture that he uses, then; is that it? A. No, not the temperature, as 
such; but mainly the fact that it is pre-heated. The furnace is heated 
above the desired operating temperature. I tmly brought out this 
point of the temperature, itself, the temperature he mentions simply 
because he does. He seems to make quite a point of this 1350 degrees 
as being an approved or a desirable sort of temperature. It may be in 
some limited cases, but I don't believe there are many industrial heat- 
ing operations where you would heat a material to that temperature un- 
less you were attempting to melt it. But the idea of pre-heating the 
furnace could be used at lower temperature levels. 

Q. Is the Dow furnace ever brought to a temperature higher than 
the control temperature that you wish to reach? A. No, not in normal 
operation. It would be the result of an accident only. | 


Q. The heating elements are not brought to a higher temperature 
than the temperature you would like to reach? A. The heating elements 
must be brought to a higher temperature than the desired control tem- 

148 perature. 








Q. The heat-absorbing surfaces, are they brought to a higher 
“ temperature? A. I believe that at some stages of the heating cycle, 
they could reach a temperature higher than the control temperature. 
Of course, the control temperature is the average temperature of the 
furnace and the load. : 
Q. Now, you have testified, Mr. Holman, that you are familiar 





} with the metal-heating furnaces which were in use in 1947 at, the time 
this application was filed; is that right? A. That is correct. 
7 Q. Were you active in the field at that time sdeneiaamal A.. Yes, 
I was. rect Sone eRe stance 1 INES SPAIN fe 
; . Did you atthat time know of.t urnace? va 
- A. Of which furnace? “7 | 
| Q. The Benner f furnace. A. No, I did not. : ~ 


ra Q. Was it a furnace that the art in general was familiar with? ~ | 
A. well, I “would rather doubt it. I have 1 never seen a ‘furnace like | 
; | 


that at any time. __ i 
THE: COURT: You mean you had not or you have not? ee 
THE WITNESS: I have not had knowledge of such a furnace. 
149 BY MR. COCHRAN: ! 
6 Q. Now you have testified that Dow's purpose in using a fan was 


to carry heat from heating elements or heat-storing elements to parts 





- which were not exposed to radiation. A. That is correct. : 

Q. Basically, this is the same purpose the fan serves in Smith; 
is itnot? A. Yes, that is correct. 

Q. Now, divorcing your thoughts for a moment from the question 
of temperature, and even Benner's disclosed method of operating his 


> furnace, what is the difference between the Benner apparatus, the Benner 
furnace, itself, and the Dow furnace? A. Well, the basic difference is 


¢ that the Benner furnace is a radiant furnace, and the Dow furnace is a 
convection furnace. : 

Q. Those are names. What is the difference in structure? A. In 
a radiant furnace such as Benner, the work is heated by direct radiation 
from the heating element to the work. In other words, the work can see 
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the source of heat. | It is in direct proximity. Whereas in a convection 
furnace, the work is shielded from direct radiation. The source of heat 
is not allowed to impinge directly on the work. 

150 Q. Then the Dow furnace is one in which the work is necessarily 
shielded from radiation? A. That is true. That is a subsidiary function 
of this heat storage material. It also acts as the radiation shield, as 
well as a secondary source of heat during the first part of the heating 
cycle. 

Q. Are you familiar with Figures 1 and 2 of the Dow application? 
A. One and 2? Yes. 

Q. Would that alter your testimony as to the scope j;f the Dow 
invention as it pertains to direct radiation? A. Well, it is true that the 
high heat capacity material is not being used as a radiation shield, but 
the work containers at 18 here, they are also acting as a radiation shield 
in this particular case. 

Q. They are in contact with the work inside, are they not, and 


the work would receive heat from the containers by conduction? A. To 


a limited extent, yes. 

Q. It is fair to say, isn't it, then, that the essential difference 
between the Benner apparatus and the Dow apparatus is the provision 
in Dow, in addition to the heat capacitors, of some means to cause con- 
vection currents? Is that a fair statement? A. Would you repeat the 

151 question, please? 

Q. You had better read it back. 

(Whereupon the pending question was read by the reporter. ) 

A. Yes; that is a fair statement; but it is not complete. There is one 
other thing. 

Q. What is that? A. The fact that in the normal method of 
operating the Dow furnace -- 

Q. Iam speaking now of apparatus, so limit your answer to 
apparatus. A. Oh. Well, they are similar -- let me do it differently. 
It is true that the Dow construction has the high heat capacity material 
and so does the Benner furnace; but there are two essential differences 
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between the two: One is that means is provided for circulating an 
atmosphere, a gas atmosphere through the batch of pieces of work; and 

also, this batch of pieces of work is shielded from direct radiation from 
the heating elements. | 

2 Q. From the heating elements? A. Yes. ! 

! Q. Now, you mentioned as a supposed difference between Benner 


















-- or the Benner process, let us say, and the Dow process, | ‘that Benner 
does not describe a reaction, a metallurgical reaction. Is it your view 
that the Dow invention is limited to causing a reaction of some kind? 
A. No, it is not limited to that. 

152 Q. In its broad aspect, it does not involve a reaction : but can 
involve mere heating; isn't that right? A. That is true. : 

Q. In Figure 8 of the application, Curve 62 represents, I believe 
you said, the temperature of the top of the load? A. Well, | the tempera- 
ture of that part of the load which is first contacted by the hot gases. 

Q. Yes. A. Inthis particular case, it was the top. | 

Q. What happens to that temperature after the sixty-minute 
period; in other words, during the equalization period? A.. That 
temperature is maintained at 1500 degrees. | 

¥ Q. In other words -- A, It is maintained at the control tempera- 
ture. 
i Q. There is a sharp change in-curvature of that a and it 
goes directly vertical; is that right® A. Yes, that is correct; the 
reason being, of course, that the heat input is reduced, the heat input 
to the furnace is reduced by means of a temperature controller. 

Q. Now, Figure 7 is labeled, in Plaintiff's trial brief, as re- 
» presentative of prior art furnaces. As a matter of fact, it represents 












the operation of a furnace such as Smith's does it not? A. } ES, that 
. is true. | 
153 Q. It arcu represent the operation of Benner; does it? A. No. 
Q. Or of any combination of Benner with Smith? A. No. It 
refers only to a furnace such as disclosed by Smith. | 
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Q. In the Kelleher patent, the silicon carbide wall 10 is the roof 
of the furnace. You testified that is the roof of the furnace; is it not? 
A. Well, it probably is the roof. Say it is one wall, anyway. 

Q. And it radiates heat into the furnace? A. That is correct. 

Q. The material in the furnace being treated necessarily, then, 
is structurally shielded from direct radiation from the heating element, 
and that would be true; wouldn't it? A. Yes; it receives its radiation 
from the wall 10. ; 

Q. Is it generally known in the furnace art that the Dow Furnace 
Company has applied for a patent on a heat capacitor fan-type combina- 
tion furnace? A. I believe that it states in some of the Company's 
literature that patents are pending. 

154 Q. "Patents pending," might be applied to these machines even; 
is that true? A. ButI don't believe it refers explicitly to which 
features of the furnace have patents pending. There are other patents 
pending, too, besides this one. 


Q. Do you know whether or not it is generally known in the art 
that a patent application has been filed? A. In this particular applica- 
tion? 


Q. Whether an application has been filed by Dow Furnace Company 
corresponding to the application here in issue. A. I don't believe it 
would be generally known. 

Q. Would you say that it is generally considered desirable in 
treating small objects in a control atmosphere to have a minimum 
temperature gradient in the material as the control temperature is 
approached? A. Would it be desirable to have that? 

Q. Would the art generally consider that to be a desirable con- 
dition? A. Yes, very definitely. 

Q. Workers in the art, then, would recognize this as a desirable 
goal that they ought to attempt to achieve? A. Yes, that is true. 

MR. COCHRAN: That is all. 

THE COURT: Anything further? 
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155 MR. BALLUFF: I have a few questions, if Mr. Cochran is 
through. 

MR. COCHRAN: Yes. 

REDIRECT EXAMINATION 

BY MR. BALLUFF: 

Q. On cross examination you made a reference to a shia or a 
patented feature which might be incorporated in the Dow furnaces illus- 
trated in the Dow furnace literature that has been introduced in evidence. 
Do you recall that testimony? A. Yes. 7 

Q. Now, does that patent to which you referred have anything to 
do with the matter of obtaining or achieving temperature uniformity in 
the load? A. No, it does not. : 

Q. What does it have reference to? A. It has reference to the 
preparation or generation of this gas atmosphere that could be used in 
the furnace. That is the only patent that I am familiar with. 

Q. Now, you have in connection with Benner made some reference 
to the fact that he uses high heat capacity material in his furnace; and I 
would like to ask you whether the high heat capacity material which is 


used in the Dow furnace structure here involved performs or functions 


in the same way as it does in the Benner patent, or whether it functions 
in a different way; and I would like an explanation for your answer. 

156 A. Well, I believe that it functions in a different may ‘in the two 
furnaces. 

Q. In what way? A. Well, in the Dow furnace, the heat that is 
stored in this high heat capacity material is transferred to the work by 
the circulation of this gas atmosphere, or it could be air; whereas in 
the Benner furnace, the heat stored in this material is transmitted by 
radiation and conduction. That is one difference. Another difference is 
that in the Dow furnace, the heat that is removed from this high heat 
capacity material is really only borrowed from this material. It is 
replaced in the material. It is all replaced by the time the load reaches 
the control temperature. 
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Q. How does that compare with the question of, in effect, recharg- 
ing the high heat capacity material in Benner? A. Well, the heat that . 
is removed from the high heat capacity material in Benner's furnace 
is not replaced until after the load is removed from the furnace, and 
there is, consequently, a waiting period of some length before the 
furnace can be recharged again, in which case the furnace stands empty 


and is really not productive during this time. Ms 
Q. You testified also, I believe, that the high heat capacity ma- 
157 terial in the Dow furnace functions something like a brake -- I : 


think you used the term -- in connection with controlling the heating of 
the load in the Dow furnace. What did you mean by that? A. When the 
load is first introduced into the furnace, it has a cooling effect, severe 
cooling effect on the high heat capacity material, and when that material 
has been cooled several hundred degrees, it then starts to absorb heat 
by direct radiation from the heating elements, themselves, and thus 
makes less heat available to be added to the circulating medium, which, 
in turn, adds the heat to the work. 

Q. Would it be correct to say, then, that this high heat capacity 
material functions in Dow during the early part of the heating cycle as 
an additional heat source to help accelerate the heating of the load, but 
during the last part of the heating cycle it functions as a heat absorber, 
and thus functions to substantially cut down the rate of heating of the load 
due to the fact that this material is absorbing heat from the burners, 
themselves? A. That is correct. 

Q. And thus it automatically reduces the heat liberation or output 
of the heating tubes in the furnace? A. That is correct. 





Q. Is there any such function disclosed or possible in connection ‘ 
158 with the high heat capacity material as disclosed in the Benner 
patent? A. No, I don't believe so. . 


THE COURT: In that connection, what is the effect of the metal 
shell 27 in the Smith patent, Figure 1? 


MR. BALLUFF: That is the cylindrical shell in Smith. 
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THE WITNESS: Well, that acts as a shield to Beevers direct 
radiation from the heating element to the work. 

THE COURT: Yes. 

BY MR. BALLUFF: 

Q. Now, in connection with Figures 1 and 2 of Dow, where the 
high heat capacity material is not used as a shield, and hence you do have 
some direct radiation of heat to the outside walls of the heat containers 
18, would the convection circulation of the atmosphere have any function 
in modifying or dissipating this heat which was absorbed by radiation in 
the walls of the containers 18? A. It would have some effect, but I 
think -- perhaps I should be corrected here, but I believe that Figures 1 
and 2 in the application are not considered by the applicant to be as good 
an arrangement as Figures 3 and 4. I believe that is stated in the appli- 
cation. | 

Q. And the commercial structure used by Dow in its furnaces 
corresponds essentially with the type of construction illustrated in 

159 Figures 3 and 4; is that right? A. That is correct. 3 

MR. BALLUFF: I believe that is all. 

THE WITNESS: Your Honor, those figures are not included in the 
brief. ! 


MR. BALLUFF: They are in the file history, though, Your Honor. 

MR. COCHRAN: Your Honor, I have one more question. 
RECROSS EXAMINATION , 

BY MR. COCHRAN: 


Q. I believe you testified that one of the characteristic differences 
between the Benner device, the Benner process and the Dow process is 
the fact that there is a pre-heating period in Benner, whereas there is 
none in Dow. A. That is correct. | 

Q. On Page 12 of the specification describing the Dow invention, 
it says: "Before a load of work to be heat treated in placed in the con- 
tainers 18, the walls or heat absorbing elements 31 and 32 and the cir- 
culating medium will be heated up by the operation of the radiant heat- 
ing elements 28 until the temperature of both the heating elements 28, 
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the walls, and the circulating medium is about equalized at or near 
control temperature.'' Then it goes on to say that the work is put into 

160 the furnace. Does that change your testimony as to how the Dow 
furnace operates? A. No, it does not. 

Q. Isn't this a pre-heating period? It is a heating period which 
takes place prior to the time that a load of work is put in the furnace, 
it would appear; wouldn't it? A. Well, in that sense, it is pre-heating; 
but that would be true of any or almost any industrial heat treating 
furnace. The furnace is originally cold at room temperature. It is 
brought up to some desired control temperature before any work is 
added in most cases. The point I was making before was that after a 
load has been processed in the Dow furnace, the furnace is ready to 
receive a second load without any further heating of the furnace itself. 
But any furnace has to be brought up to the operating temperature or- 
dinarily before a load is placed in it. But from that time on, there is 
no pre-heating of the furnace involved. 

Q. Now, this long period of pre-heating that you have calculated 
would be necessary in Benner, was due, was it not, according to your 
calculations, to a limitation on the amount of heat that the heat generators 
could put out? A. That is true. 

161 Q. That was due, presumably, to the type of heat generator that 
was used? A. Yes. : 

Q. Heat generators which were available in 1947 were not subject 
to that limitation; is that right? A. Well, there is a limitation on any 
heat generating element, and -- 

Q. Mr. Dow used heat generators which were not so limited; is 
that right? A. No, they have a limit, too. 

Q. Are they limited to the same extent that your calculations 
indicated the Benner? A. I don't quite know in what way the Benner 
elements were limited; but, apparently, there was some limitation as 
to the amount of electric current that could be used, and which limited 
the speed at which this lining could be heated. Because this is a high 
capacity material that he used, it did require a tremendous amount of -. 
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heat to bring it to that temperature of 1350 that he mentions, and would 
take a long time, relatively. | 
REDIRECT EXAMINATION | 
BY MR. BALLUFF: | 
Q. In your testimony about pre-heating with respect to Benner, 
if I understand it correctly, you were not talking about the initial heat- 
162 ing of the Benner furnace; but, as I understand it, you were talk- 
ing about the time interval after a charge had been removed from the 
Benner furnace? A. That is correct. | 
Q. Before another load could be put into it; is that right? A. That 
is correct. The Benner furnace would, in ordinary circumstances, be 
heating to this 1,000 degrees to begin with, and there would be no load 
there. | | 
Q. And there is no such corresponding heating interval required 
in Dow after a load has been processed in the furnace; is that right? 
A. That is correct. | 
THE COURT: Hasn't that been covered? 
BY MR. BALLUFF: ; 
Q. With respect to the question of the size of the heating elements, 
you have testified there are limitations on the size of the heating elements 
that are used. Supposing that Benner had used heating elements of twice 
the capacity that he apparently used. How would that affect this question 
of pre-heating time? A. Well, it would shorten the pre- heating time. 
Q. It would shorten it? A. Yes. 
163 Q. It wouldn't eliminate it? A. No. 
Q. If he had twice the heating capacity, it would cut the pre-heat- 
ing down fifty per cent? A. Well, that would be the most it could do. 
Q. But would he change the ratio between the pre-heating time and 
the heating time that the load was in the furnace by ee the size of 


his heating elements? A. I don't believe so, no. 
MR. BALLUFF: That is all. 
MR. COCHRAN: That is all, Your Honor. 
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(Witness excused. ) 

MR. COCHRAN: Is that your case? 

MR. BALLUFF: Yes, that is our case. 

MR. COCHRAN: At this time, I offer in evidence, Your Honor, 
the folder which I handed up to you as part of my opening statement. 
That will be Defendant's Exhibit 1, and our only exhibit. 

THE COURT: Which is that? 

MR. COCHRAN: That was the folder that I handed up to you at 
the beginning of my opening statement. That is it right there. 

THE COURT: Will you mark this as an exhibit. Now, that in- 
cludes the opinion of the Examiner and of the Board of Appeals? 


164 MR. COCHRAN: That is correct, and the references on which the 


Examiner and the Board relied in rejecting the application. 
THE CLERK: Government's No. 1. 


(Whereupon the said document was marked 
Government's Exhibit No. 1, and received 


in evidence. ) 


THE COURT: Now, the brief that you submitted, that is submitted 


to the Court for its examination, and the file. 
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176 [Filed October 25, 1956] 


FINDINGS OF FACT 
Q. This is an action under Title 35 of the United States es 
Section 145, in which the plaintiff Doris B. Dow, Trustee, sought to 
have the Court authorize the allowance of claims 30 to 56 in the applica- 


js tion for patent of John A. Dow, Serial No. 746, 277. ! 
2. The application in question relates to the heat treatment of 
metals. The metal is heated in a batch type treating furnace containing 


heating elements, a means for supporting the metal articles, a fan for 
circulating gases in the furnace, and heat absorbing material of high 
heat capacity of substantial mass disposed in the furnace receiving 
heat from the heating elements. The transfer of heat to the work is 
such that the work exhibits a lesser temperature gradient as the control 
temperature is reached than is true in furnaces where heat meal are 
not used. | 
3. The Benner et al patent, No. 1,997, 622 deacriben| ‘a furnace 
having electric heating elements and a lining of substantial thickness 
of high heat capacity material, such as silicon carbide. During idle 
periods the capacitors store heat radiated by the heating elements 
for transfer of heat at a high rate to cold work placed in the furnace. 
By using heat capacitors of high conductivity Benner et al are enabled 
177 to double the power input to the furnace and thereby shorten the 
usual heating cycle. | 
4. The Smith patent No. 1, 721, 840 discloses a heat treating 
furnace in which a mass of small metal parts are supported in a work 


, container which is open at the top and bottom. A fan conveys heat 

: from heating elements in the furnace through the mass of work in the 
’ work support, while the latter shields the work from direct radiation. 
DS. The Fitzgerald patent, No. 1, 646, 058 and the Kelleher 

, patent No. 1, 637, 486 describe heat treating furnaces in which the 


work is shielded from direct radiation by the interposition of a barrier 
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of high heat capacity material between the heating elements and the 
work. 

6. The patent to Benner et al is not limited, in its contribution 
to the art, to the heating of large ingots or the use of extremely high 
temperatures. 

7. It would not require more than routine talent for a furnace 
designer, in using the Benner et al furnace for the heat treatment 
of a mass of small objects, to attempt to reduce the temperature gradient 
in the material by known means, such as the provision of a fan to cir- 
culate gas within the furnace, as taught by Smith. 

8. Claims 30 to 48 do not define invention over Benner et al in 
view of Smith. 

9. Claims 49 to 52 and 56 do not define invention over claims 30 
to 48 in view of either Fitzgerald or Kelleher. 

10. Claims 53 to 55 are directed to species not elected for 
prosecution and are not before the Court for consideration. 

11. Claims 30 to 52 and 56 do not define invention in view of the 
prior art. 

CONCLUSIONS OF LAW 

1. The plaintiff is not entitled to a patent containing any of 
claims 30 to 52 and 56 of application Serial No. 746, 277. 

2. The complaint should be dismissed as to all of claims 30 to 
56 of application Serial No. 746, 277. 


/s/ Edgar A. Vaught 
JUDGE 


October 30, 1956 
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[Filed October 25, 1956] 


OPINION 


This is an action under the patent laws of the United States, 

Title 35 U.S.C. section 145, under which plaintiff seeks to obtain a 
United States Letters Patent on the application filed in the United 

States Patent Office by John A. Dow (now deceased), for "Heat Treating 
Furnace and Method." | 

The plaintiff, Doris B. Dow, widow of said John A. Dow, isa 
resident of Detroit, Wayne County, Michigan, and as trustee is the sole 
owner of the entire right, title and interest in said John A. Dow applica- 
tion Serial No. 746, 277, filed May 6, 1947, and the invention disclosed 
and claimed therein, in trust and as guardian for the benefit of Herbert 
Randall Dow, a minor, John B. Dow, a minor, and Doris B. Dow, by 
virtue of an assignment dated March 23, 1950, from Doris B. Dow, 
administratrix of the estate of John A. Dow pending in the Probate Court 

in the County of Oakland, State of Michigan, to Doris P Dow, 
trustee and as guardian for said minors. 

On September 21, 1953, the Board of Appeals of the Patent 
Office affirmed the action of the Primary Examiner finally rejecting 
claims 30 through 56, all of the applicant's claims, on the ground 
that the same were unpatentable over the following references: Kelleher 
1, 637, 486; Fitz Gerald 1, 646, 058; Smith 1, 721, 840; and Benner et al 
1, 997, 622. 

No appeal was taken to the United States Court of Customs and 
Patent Appeals from said decision of the Board of Appeals, but plaintiff 
elected and exercises her remedy by civil action against the Commissioner 
of Patents in the United States District Court for the District of Columbia, 
as provided by Title 35 U.S.C. Sec. 145. Under this section plaintiff is 
entitled to a trial de novo and, while the decision of the Patent Office 
is presumptively correct and entitled to much weight, if the evidence 
introduced overcomes such presumption and establishes that the finding 
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of said Patent Office was not justified, the court shall authorize the 
issuance of the patent under the compliance with the law. 

The Examiner's statement as of October 6, 1952, and the opinion 
of the Board of Appeals affirming same are attached hereto and made a 
part of this opinion. 

The question before the court is whether or not the evidence in 
this court is sufficient to justify overruling or modifying the opinion of 
the Board of Appeals of the Patent Office. In that connection the court 
repeats the statement of the Board: 

"We are in agreement with the Examiner that the 

method claims are largely functional and whatever results 

are obtained must be largely due to the operation of the 

furnace with the heat storing silicon carbide material 

therein. The results achieved by appellant and stressed 

by him, mainly, reduction of time in heating the metal 

articles and uniformity of heating, are fully described 

- by Benner et al. While the latter did not provide means 

for circulating the atmosphere within the furnace, we 

perceive no invention in view of Smith in providing such 

means. The inclusion of such a fan would merely ac- 

complish the normal and expected function of 1 such 

device. We have noted the portion of Smith, quoted 

by appellant, which cautions against the use of a furnace 

having large heat storing capacity. However, we see nothing 

in this statement which would militate against Benner et al 

employing gas circulating means within their furnace." 


The court finds that the evidence introduced in this court is not 
sufficient to justify reversal or modification of the opinion of the Board 
of Appeals, and concludes that the claims set forth in plaintiff's applica- . 


tion merely constitute a combination of elements of well known art as 


shown in existing patents and therefore are not patentable. 
The findings: of fact and conclusions of law submitted and requested 
by plaintiff are denied, to which an exception is allowed. The findings 





151 ! 
of fact and conclusions of law submitted and requested by the defendant 
are approved and made the findings of fact and conclusions of law of 
this court, to which an exception is allowed the plaintiff. | 
Judgment will be for the defendant. A form of judgment consistent 

with this opinion may ‘be submitted by defendant's attorney. | 

/s/ Edgar S. Vaught 

United States District Judge 


Dated this 25th day of October, 1956 


[Filed October 25, 1956] 


JUDGMENT | 
This action came on to be heard at this term, and thereupon upon 


consideration thereof, it is this day of October 25, 1956. 
ADJUDGED that the complaint be and it is hereby dismissed with 
costs against plaintiff. 
/s/ Edgar B. Vaught 
JUDGE 


[Filed December 21, 1956] 
NOTICE OF APPEAL 
Notice is hereby given that Doris B. Dow, Trustee, plaintiff above 
named, hereby appeals to the United States Court of Appeals, for the 
District of Columbia circuit, from the final judgment of the United States 
District Court entered in this action on or about October 25, 1956. 
/s/ Solon B. Kemon 


OF COUNSEL: Attorney for Plaintiff * * * *« 


E. J. Balluff* * * * 
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UNITED STATES PATENT OFFICE 


2,686,685 
HEAT-TREATING FURNACE 


Gustave M. Tauber, Philadelphia, and John J. 
ee nites Cote ee ee 
corporation of Pennsylvania 


Application October 14, 1950, Serial No. 190,152 
3 Claims. (CL 266—5) 


1 
This invention relates to heat-treating fur- 
naces of the forced convection type used for 
annealing, carburizing, nitriding and 
processes. 


The invention further resides in novel and use- 
ful features of construction, combinstion and 
arrangement. - 

For a more detailed understanding of the in- 
vention and for illustration of the embodiments 
thereof, reference is made to the accompanying 
drawings, in which: 

Fig. 1 is a side elevational view, in section, of 
one type of furnace utilizing the new fan hous- 
ing and work support unit; 


15 


Fig. 2 is a bottom view of the fan housing unit 
of Fig. 1; 


generally shown in 
Letters Patent including 2,176,473; 2,168,028; 
2,161,162; 2,032,209; 1,999,757; 1,926,234: 1,949,- 
716; 1,940,948; and 1,721,840. In brief, the work 
to be treated is disposed in a work continer {1 
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Original application fled October 30, 1985, Serial Ne. 68,715. Divided and this application filed March 


2, 1988. Serial Ne. 256,489, 


My invention relates to heating apperatus, 
as furnaces, and more particularly to 
ie se 

an r 
5 if steel and kindred i 


materials, as, for exam- 
ple, for drawing or tempering steel or the like. and 


In accordance with my inventi 
-more uniform the temperature throughout 
the heating chamber, and more parti y 
10. throughout the contents thereof treated there- 
in, circulation, and particularly forced cir- 
aletion, in ei er direction, of the air or gas, 
more particularly within the furnace 1s ef- 
_ fected in a path or circuit including a work- 
15 containing chamber, and an sir heating 
chamber, more parti larly an outer chamber 
of said furnace, preferably containing the 
source of heat, and suitable effect- 
ing communication between the chambers. 
My invention resides in ap of the 
character herei descri claimed. 
For an illustration of some of the various 
forms my invention may take, reference is to 
be had to the accompanying drawings, in 
25 which: , , can 
Fig. 1 is a vertical sectional view, y in 
elevation, of an electric furnace embodying 

my invention. . ; 
ig. 2 is a horizontal sectional view, partly 

30 in plan, on the line 2—2 of Fig. 1. 

Fi . 3 is a vertical sectional view of a mod- 


ified form of furnace. . 
: i es a 
a furnace or heattreating apparatus F, 
35 adapted for forced circulation, comprising 
the metal jacket or housing 1, which may be 
cylindrical, secured at its lower end to the 
ea a Dior ohn d a 
e legs wi an 
40 Seon the jacket 1 is the shell or inner lini 
4, whose bottom 5 is spaced from the bottom 
2 by the blocks 6, through which extend the 
ee 
e verti extending supporting members 
45S te the bottom 2. Betworn the shalls 1 and 
4, and between the bottoms 2 and 5, is dis- 
posed any suitable filling 9, of refractory ma- 
terial of preferably low heat conductivity. 
The upper end of the lining 4 is secured to 
annular member 10, surrounded 
ring 11 of refractory ial, which in 
is surrounded by the brick ring 
which latter rests the top annular 


20 


50 


elec. 
various" 


—- which is carried the support 14, to 
which there is pivoted at 15 the arm 16, to 55 
hich is piv at 17 the lid or cover mem- 
ber 18, which may be. raised by pressing 
downwardly upon the lever wg at 20 
nd engaging the arm 16 to left of its 

pivot 15. c 
so far as concerns some of the features 
of my invention, heat may be developed with- 
in the furnace by any suitable method, as b 
combustion of gas or oil. In the exaniple il- 
engi publ and a a other as- 
pects of my invention, eat is generated 
electrically by passage of current thr 

the resistances or resistors 21 and 22 of any 
suitable type or character, either embedded in 
refractory: ial, or, as illustrated, dis- 
posed 22 soe Opes eibiiin, the Suviece: chan 
adjacent the inner lining 4. As indi- 
cated, pe eal Fe eel 
ances, comprising a plurality of: 
allel connected resistors - soalataisne’ bom: 75 
ductors extending vertically adjacent' and 
insulated from the lining 4. ions are 
made to the resistors through conductors hav- 
ing in the boxes 23 and 
24. Inthe example ill the resistance 
elements 21 and 22 are to direct con- 
tact therewith of the air or other gas within 
the furnace chamber. _ 
Between the upper and lower rings 25 and 
26 and the standards or members 8 is secured 
the shell or basket support 27, of sheet metal, 
preferably circumferentially and vertically 
continuous or substantially uninterrupted by 
perforations or openi to exclude radiant 
heat from the interior of the shell 27. | 
The removable basket or container for the 
material to be heated comprises the ¢losed 
shell 28 secured at its upper end to the ring 
29, having the eyes 29° mI ages 
tocey 50 rater toes Satan cree 
upon the upper end of the 
shell 27 and members 8. At its lower end the 
shell 28 is secured to the spider 31. 
below the and its spider 
81 and fo 2 bottom for the shell 27 is 
the conical or : ee eee oe 
cured upon a or pieces 33 secured to 
members 8. cee 
Bolted to the bottom 2 is the fan shaft 
member 34, in which is disposed the 105 . 
shaft 35, upon which is secured pulley 
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36 driven through belt 37 by the pulley 38 


secured upon the shaft of the électric motor 
M, for driving the fan or blower 39, disposed 
at the opening 40 at the bottom of the mem- 
ber 32. The m 5 of the inner lining 4 
referably deflects upwardly, as at 41, to 
‘orm a passage leading to the lower side of 
the fan 39. | 5 eee 
In the modification illustrated in Fig. 3, the 
removable lid or cover 18* carries the bear- 
ing 34 for the fan sha 


y 
and bencath th 
or funnel-shaped member 32* carried by the 
upper ring 29 of the basket or work con- 
tainer 28. The opening 40* of the member 
32° is disposed adjacent the fan 39. 

In both forms of my gl oe above de- 
Sy tie dance penelter a0-aneough p path be 
by the or propeller & path or 
in a circuit Sian the se babsieen the 
outer and inner cham 4 and 27, the 
inner chamber, particularly the work holder 
or container 28, and 
passages effecting communication between the 
outer spaces and the inner chamber. This 


circulation may be in either direction, as may . 


be desired. 


the upper and lower th 
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side of the fan 39, which forces the air or 
upwardly through the member 22, spi- 
See $1, through the basket or shell 28, up- 
wardly thro and between the .OF 
other pieces in, and thence outwardly 
over the edge of the et and thence down- 
wardly again between the shells 4 and 27. 
This circulation of the heated air or gas 
serves to maintain the temperature rise more 
uniform throughout the basket and its con- 
tents and serves also to expedite the rise in - 
temperature of the furnace. After the fur- 
nace has attained desired temperature, as 
muy be determined by the‘thermocouple T, 
connected in suitable circuit by conductors 72 
and 73, or has approximated such desired 
temperature, the rate of heat application may 
be dimini as by utilizing only a suitable 
part of either or both of the resistors 21 and 
or by connecting them in series with each 
other.: control of the temperature of the 
furnace may be automatically effected by any 
suitable apparatus controlled by the thermo- 
couple T, or equivalent temperature-respon- 
Sive device. : 
By s0 ci ing the air or gases within 
ter uniformity of tem: 


e furnace, grea pera- 
ae of the work or contents of the basket 


The work or material to be heated is placed in 


within the basket 28, resting upon the lower 
grating or spider 31. The work may be a 
single piece, or a plurality of pieces either 
carefully or symmetrically piled within the 
basket or placed therein irregularly. For 
example, the contents of the basket may be 
a plurality of gears of steel or alloy steel to 
receive heat treatment of any suitable char- 
acter, for example, for drawing or temper- 
ing, although it will be understood that my 
invention embraces heat treatment of other 
objects, and of other metals, or their alloys. 
ith the furnace cold, it is brought rap- 
adly to ae Gesired Semaparetare, seh exam- 
ple, a perature of a predetermin - 
Be Te ecient aie 
tained, by passing curren’ 
of resistors 21 sigh in x. 
sired temperature de upon treat- 
ment to be effected ao tichiare! erties of the 
material or objects to be treated; it is well 
known that for annealing or hardening the 
temperatures are from approximately 1300 
degrees F. to — 1700 degrees F. yee 
tempering, the temperature is, in i 
Iower-ded mney be Enos abort 500A ais F. 
to 1200 degrees F., more or less. During this 
preliminary stage of heating the fan 39 is 
driven by the motor M at suitable speed, 
effecting circulation of the hot gases or air 
downwardly, Fig. 1, between the shells 4 and 


27, past the resistors 21 and 22, thence be- the 


tween the members 32 and 41 to the under 


The desired uniformity of temperature of 
the contents of the basket is the more readily 
obtainable from the fact that the basket 28 
or the shell 27, or both, intercept the radiant 
heat which would otherwise be absorbed by 
those parts of the contents lying adjacent the 
wall or shell 28, causing them locally to at- 
pats a. tecaprepatune:. uagiee sniamcee Ons fo Ne 
heati ects of convection or conduction 
-) the os wie 9 pies pe ete 
words, it is preferred e heating shall 
be effected substantially exclusively by con- 
vection or conduction and that heating effects 
due to radiant heat should be minimized. 

A furnace of the character 


9 , 1925, of which this 


ap lication is a division. 
jirecti 


of circulation of the air or 

a ane ey be reversed from 

time to or peri as by reversing 

direction of rotation of the fan or blower 
39, as ‘described and clai i 





in application 150 
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a system 
the total length of 
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Serial No. 10,486, filled by John W. Harsch 
on February 20, 1925. 

A further feature relates to the heat ca- 
pacity of the heater or heating element, par- 
ticularly the resistors or resistance elements 
21 and 22. The source of heater or heating 
elements 21 and 22 preferably shall have low 


substantially directly exposed to the ait or 
gas within the furnace, or, if embedded, the 
sees Ball be est oes a 
atively small amount of ; or shall have 
a heat capacity which is low as compared 
with the iat capacity of the material or 
work to be heat-treated. This low heat ca- 


pacity of the resistance elements 21 and 22, 


or equivalent, is desirable from the stand- 
point of ability rapidly to in temper- 
ature, thereby contributing, with the circu- 
lation of the air, to reduction or elimination 
of over-shooting of temperature either when 

ringing the heating chamber up to desired 
or control temperature, or ro control of 
tem: the a amber has 


been so brought up to or near the desired tem- 


perature. : 

It has heretofore been proposed, as in dry- 
ing systems and in for annealing 
metal, to impart heat to and absorb heat from 
forcibly circulated air in zones comprised in 

characterized 


the fact that of 
the path of the circulated 
the | 


of the paths in 


air the sum o 


the aforesaid zones is a small fraction, occa- ° 


sioned by the relatively great length of air 
conduit comprised in the circulatory system 
and essential to operative intercommunica- 
tion of the zones.. From systems mine 
materially differs in that the length of the 
circulatory path outside of the heating and 
treating zones is relatively short, communi- 
mr ee 
mediate or di and of the enti ° 
the ci ry path the sum of the ] 

of the zones is a large or major fraction, 
thereby p ing the practical advantages 
of reduction of power consumption for forci- 
bly circulating the air, of economy in fuel 
or power expended in the generation of heat, 
of lower cost of installation and main 

and of smaller space required to accommodate 
the Because of the relatively great 
length of the path of the circulating air in 
the aforesaid proposed systems, external to 
their air-heating and heat-absorbing zones, 
greater power is required for forcing the cir- 
culation of the air, and more fuel or power 
must be consumed in the production of the 
eventually essential heat because of relatively 
high losses by conduction and radiation. 

For brevity in the appended claims, the 
term “air” is employed generically to include 
air, gas and vapor within the furnace or heat- 
ing chamber. 


' 
! 


' 
i 
| 


3 


yy vita heati diam 
ce comprising & 1m- 
ber, a container di within ‘sai m- 
ber and spaced from the wall thereof for hold- 
ing the material to be heated, a source of heat 

i in ce between said container 
and said wall of said heating chamber, and aA 
ad- 


spaced 

the material to be heated, a source of heat dis- 
posed in the space between said container and 
said wall of said heating yan air pro- 
er within the furnace disposed adjacent 
neighborhood ends of said container and 
heating chamber for circulating air through 
said container and the space between said con- 
tainer and said wall of said chamber, and a 
member surrounding said container between 
the container and the wall of said chamber 
for shielding the work in said container from 

ore pent from said source. ‘ ae 
, rnace comprising a heating cham- 
ber, a container for refoaterial to be heated 
disposed within said chamber and having its 
side walls spaced from the side walls of said 
heating chamber, an electric resistor of! low 
heat capaci in said space between 
the side walls of the container and said heat- 


ing chamber, and a propeller within the fur-. 


nace adjacent the neighboring ends 
of said container and heating chamber for 
sproulaieng air through said container: and 
through the space between the side walls of 
said container and said Healing chambers 

4, A furnace comprising a heating cham- 
ber, a container for the material to be heated 
disposed within said chamber and having its 
side walls spaced from the side walls of: said 


‘heating chamber, an electric resistor of low 


heat capacity disposed in said space between 
the side walle of the container and said heat- 
ing chamber, a propeller within the furnace 


adjacent the neighboring ends of - 


ah container and heating chamber for cir- 
ing air through said container: and 
through the space between the side walls of 
said container and said heating chamber, and 
a surrounding said container and dis- 
posed between it and said resistor for inter- 
cepting radiant heat from said resistor. | 
5. A furnace comprising a heating cham- 
ber having a bottom and a cover, a container 
for the material to be heated disposed in said 
chamber with its side walls spaced from the 
side walls of said heating chamber and hav- 
ing its ends spaced from said bottom and 
cover to form es communicating with 
the interior of said container and with the 
space between the side walls of said container 





4. 


and the side walls of said heating chamber, 
un olectric heater disposed in the space be- 
tween. the side walls of said container and 
said heating chamber, and a propeller within 
5 the furnace disposed adjacent neighboring 
ends of said container and said heati - 
bor for circulating air through said container, 
said passages and the space between the side 
walls of said container and said heating cham- 


ber. 

6. A furnace comprising a heating cham- 
ber having a bottom and a cover, a container 
for the material to be heated disposed in said 
chamber with its side wall spaced from the 


15 side wall of said heating chamber and having 


its ends spaced from said bottom and cover 
to form passages communicating with the in- 
terior of said container and with the space 
between the side wall of said container and 


20 the side wall of said heating chamber, an elec- 


tric heater disposed in the space between the 
side walls of said container and said heating 
chamber, a propeller within said furnace dis- 
posed adjacent neighboring ends of said con- 
tainer and said heating chamber for circulat- 
ing air through said container, said passages 
and the space between the side walls of said 
container and said heating chamber, and a 
member surrounding said container and dis- 
between it and said heater for inter- 
cepting radiant heat from said heater. 

- A furnace comprising a heating cham- 
ber having a bottom, a removable cover, mem- 
bers disposed within said chamber and spaced 
from the side wall thereof, a removable work 
container resting upon said members and 
having its side wall spaced from said side 
wall of said heating chamber, a heater in 
the space between the side walls of said con- 
tainer and heating chamber, said heati 
chamber having its ends spaced from sai 
cover and from said bottom to form circu- 
latory passages between the interior of said 
container and the space between the side 
walls of said container and said heating 
chamber, and a propeller within said furnace 
between adjacent ends of said container and 
said heating chamber for circulating the air 
through said container, said passages and 
the space between the side walls of said con- 
tainer and said heating chamber. 

8. A furnace comprising a heating cham- 
ber having a bottom, a removable cover, mem- 
bers di within said chamber and sp: 
from the side wall thereof, 2 removable work 
container resting upon said members and 
having its side wall spaced from said side 
wall of said heating chamber, a heater in the 
space between the side walls of said container 
and heating chamber, said heating 
having its ends spaced from said cover and 
from said bottom to form circulatory 
sages between the interior of said container 
and the space between the side walls of said 


65 container and ssid heating chamber, a pro- 


‘container, a propeller d 


1,721,840 


er within said furnace between adjacent 
ends of said container and said heating cham- 
ber for circulating air through said container, 
said passages and the space between the side 


walls of suid container and said. heating 79 


chamber, and a member surrounding said 
container and carried by said first named 
members in position between said heater and 
said container for intercepting from the lat- 
ter radiant heat from said heater. 

9. A furnace comprising a heating cham-- 
ber, a removable container therein for the 
material to be heated and having its side 
wall spaced from the side wall of said heat- 
ing chamber, a heater in the space between 
said side walls, end closures for said heati 
chamber spaced from opposite ends of sai 
container, a propeller disposed between one 
of said end closures and the adjacent end 
of said container, and air-guiding members 
forming a passage to said propeller between 
the interior of said container and the space 
between the side walls of said container and 
said heating chamber. 

10. A furnace comprising a heating cham- 
ber, 2 removable container therein for the 
material to be heated and having its side wall 
spaced from the side wall of* said heating 
chamber, a heater in the space between said 


side walls, end closures for suid heating 95 


chamber spaced from opposite ends of said 
between one 
of said end closures and the adjacent end of 
said container, Fant i rs hia 
a passage to said propeller between in 
a of said si the between 
the side walls of said container and said heat- 
ing chamber, and a member surrounding said 
container and di between it and said 
heater for shielding said container from ra- 
diant heat from said heater. 

11. A furnace comprising a heating cham- 
ber having a bottom and a removable cover, 
members on said bottom extending upwardly 
within said chamber, a removable container 
for the material to be heated, means on the 
upper end of said container resting upon said 
members, an electric heater in the space be- 
tween the side walls of said container and 
said heating chamber, and means forcibly 
circulating air through said space and said 
heating chamber in succession. 

12. A furnace comprising a heating cham- 
ber, a source of heat, a shell di therein 
and spaced therefrom, a removable container 
in said shell for holding the material to be 
heated, and means for forcibly circulating 
air through said container and the space be- 
tween said shell and said heating chamber. 

18. comprising a heating cham- 
ber, a source of heat, a shell di therein 
and th . & removable container 
in said shell for holding the material to be 

and means i ing air 
said container and the space 
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shell and said heating chamber, said shell 
preventing access of radiant heat to the ma- 
terial in said container. 

14. A furnace comprising a heating cham- 
ber, a container therein spaced from the wall 
thereof and adapted to hold material to be 
heated, said container at one end communi- 
cating with the space between it and said 
heating chamber, and an air-circulating mem- 
ber disposed adjacent an opening at the other 
end of said container for circulating air there- 
through and through the space between said 
container and said chamber. 

15. A furnace comprising a heating cham- 
the wall 
thereof, a shell spaced from said wall, a con- 
tainer in said shell for holding the material 
to be heated,.2 member having an openin 
and flaring from said opening toward sai 
container, and air-circulating means disposed 
at said opening. 

16. A furnace comprising a heating cham- 
ber, an electric heater disposed upon the wall 
thereof, a shell spaced from said wall, a con- 
tainer in said shell for holding the material 
to be heated, a member having an opening 
and flaring from said opening toward said 
container, air-circulating means disposed at 
said opening, and means on the exterior of 
said furnace for driving said air-circulating 
means. 

17. A furnace comprising a heating cham- 
ber, a work container therein having its walls 
spaced from the walls of said chamber, an 
electric heater having heat capacity low as 
compared with the heat capacity of the work 
heated within said container, said heater dis- 
posed in the space between the side walls of 
said heating chamber and said container, and 


5 


tainer and said heating chamber for forcing 
circulation of air through said container and 
the space between said container and the wall 
of said heating chamber. 

18. A furnace comprising a heating cham- 
ber, heating elements disposed therein, a 
work-containing structure having side. walls 
of sheet-like material disposed within, said 
chamber, means for effecting circulation of 
air or equivalent from said heating chamber 
through said container and work to affect the 
temperature thereof, and a second structure 
having sheet-like walls interposed between 
said heating elements and work container 
forming an air space between said structures 
whereby radiant heat from said elements is 
effectively precluded to a substantial degree 
from affecting the temperature of the work 
adjacent the walls of the container. 

19. A heat-treating furnace comprising a 
metal-heating chamber, an air-heating cham- 
ber, said chambers being in substantially di- 
rect or immediate communication at sepa- 
rated regions, and means forcibly circulating 
air through said chambers in succession. 

20. A heat-treating furnace comprising a 
metal-heating chamber, an air-heating cham- 
ber surrounding said metal-heating chamber 
and in substantially direct and immediate 
communication therewith at separated re- 
cions, a source of radiant heat in said air- 
heating chamber, means forcibly circulating 
air through said chambers in succession, an 
means shielding the metal in said metal-heat- 
ing chamber from radiant heat from} said 
source, 
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(1) 
APPELLANT'S STATEMENT OF QUESTIONS PRESENTED 


| 
The question is whether Dow made a patentable invention in 
the art of heat treating by combining convection heating of the load 
with radiant heating of high heat capacity material where the high | 
heat capacity ma‘erial cooperates with the heating tubes of the 
furnace to vary the convection heating rate through the load so as to: 


1. Substantially reduce the equalization period 9 and 
the overall time cycle for processing a load; | 


2. Substantially reduce the temperature gradient 
through the load and thereby achieve substantial uniformity 
of heat treatment; and | 


3. Substantially lower the average operating 
temperature of the heating tubes, thereby eS | 
their life; 


where the prior art taught (a) that the use of high heat capacity 
material should be avoided in convection furnaces, and (b) that the 
heating effects due to radiant heat should be minimized; and where 
there is no suggestion in the art that the advantages achieved by 
applicant might be achieved by the arrangement devised and \teaomaast by 
the applicant. 





(ii) 
INDEX 


JURISDICTIONAL STATEMENT 

STATEMENT OF THE CASE . . . . «© . 
Introduction to the Art and Techniques Here Involved 
The Advantages Achieved by the Claimed Construction ° 


Applicant's Structure : ££ 8 2 «© #& BB 3 

The Prior Art 3 € * is « «© * «© 

Applicant's Performance vs. imate ofthe Prior Art. i. 

The Claims and the Grounds of Rejection ee ee 
STATUTE INVOLVED : < P é . m 7 : < E R 
STATEMENT OF POINTS . . ° ° ° e ° ° ° ° 
SUMMARY OF ARGUMENT : = 
ARGUMENT 7 . . 


Where Smith Taught That — Effects Due to Radiant Heat 
Should Be Minimized and That Low Heat Capacity Material 
Should Be Used Rather Than High Heat Capacity Material, It 
Is Reversible Error for the Trial Court to Have Found that Dow's 
Claims Are an Obvious Adaptation of Benner's Radiant Hearing 
Furnace in View of the Convection Fumace of Smith 


Where the Evidence Indisputably Establishes That Benner's Use 

of High Heat Capacity Material Produces Absolutely No Gain 

In the Heating Cycle, It Is Reversible Error For the Court to 

Have Held, as It Did In Finding No. 3, that Benner, By Using 

High Heat Capacity Material, Doubled the Power Output to 

the Fumace and Thereby Shortened the Usual Heating Cycle ee 


The Trial Court's Holding That the Claimed Invention Is 
Obvious Is Clearly Erroneous e % : 


In View of the Law Applicable to the Patentability of Method 
Claims, the Refusal of Such Claims Is Legally Unwarranted 


Dow's Cornbination of Old Elements Forming a Convection 
Heat Treating Fumace Having a New Modus Operandi and 
Which Produces New and Improved Results, Is Patentable .  . 


CONCLUSION oe 6 w@ 8 @ 
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No. 13,758 


DORIS B. DOW, Trustee, 
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. ROBERT C. WATSON, 
Commissioner of Patents, 


Appellee 


APPEAL FROM THE UNITED STATES sii rig COURT 
FOR THE DISTRICT OF COLUMBIA 


BRIEF FOR APPELLANT 


JURISDICTIONAL STATEMENT 


Plaintiff, Doris B. Dow, widow of John A. Dow, isa resident 
of Detroit, Wayne County, Michigan, and as Trustee is the sole owner 
of the entire right, title and interest in John A. Dow application for 
United States Letters Patent, Serial No. 746,277, filed May 6, 1947, . 
for "Heat Treating Furnace and Method" (R 5-38). _ 


On September 21, 1953, the Board of Appeals of the Patent Office 
affirmed (R' 53-57) the action of the Primary Examiner finally rejecting 
the applicant's claims on the ground that the Same were unpatentable. 
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As permitted by Title 35 U.S.C. Section 145, Plaintiff, 
dissatisfied with the decision of the Board of Appeals of the Patent 
Office, (no appeal having been taken to the Court of Customs and Patent 
Appeals) brought civil action (R 1) against Robert C. Watson, Com- 
missioner of Patents, in the United States District Court for the District 
of Columbia, seeking the issuance of a patent on said application. The 
claims involved are set forth at R 41-50. 


In due course Robert C. Watson, the Commissioner of Patents, 
filed his answer (R 4) denying that plaintiff was entitled to a patent, 
asserting that John A. Dow, the applicant, was not the original, first 
and sole inventor of the subject matter in issue within the meaning of 
the patent statutes, and that plaintiff was not entitled to a patent for 
the reasons given in the Examiner's statement (R 51) and in the Board 
of Appeals Decision'(R 53). After hearing the case, Judge Edgar B. 
Vaught, on October 24, 1956, entered a judgment (R 151) dismissing the 
complaint, adopting verbatim as the basis for his decision, the reasons 
relied upon by the Patent Office in refusing the patent. 


Notice of appeal (R 151) was filed by the plaintiff-appellant on 
December 21, 1956. 


The Court of Appeals for the District of Columbia has jurisdiction 
of this case under the provisions of Title 28 U.S.C. Sections 1291 and 
1294. 


STATEMENT OF THE CASE 
Introduction to the Art and Techniques Here Involved 


The invention pertains to the art of heat treating metals ina 
controlled gas atmosphere, and more particularly to batch type heat 
treating furnaces and methods of heat treating batches of work wherein 
a batch of pieces of work is arranged in a heated furnace chamber 
provided with a controlled atmosphere, and such atmosphere is 
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recirculated in a predetermined path through the batch of work and 

over the furnace heating tubes so as to effect the transfer of heat to 

the work by convection (R 113), the atmosphere being effective at 

certain elevated temperatures, i. e. at and above "control temperature” 
of the work to be heat treated to produce a metallurgical reaction (R 117), 
such for example as case hardening, on the work being treated. 


In carrying out such a conventional heat treating operation the 
batch of work in a controlled furnace atmosphere is first brought to and 
held at the elevated control temperature (of the order of 1500° F.) at 
which the heat treating process is an can be carried out, and then, after 
all of the work has attained such control temperature, it must be 
maintained at such temperature for a sufficient time interval to obtain 
the desired treatment, i. e. to carry out the process (R 117). 


It has been found most efficient and convenient in practice to pile 
: the pieces of work to be processed in a container having a perforated 
7 bottom so that the hot furnace gases may be circulated through the 
\. _ container and over the work therein so as to heat the same and thereby 
bring the work up to control temperature. A batch of several hundred 
or more pounds of work is a common size of load. . 


However, the side of the load first contacted by the hot furnace 
gases will be heated to control temperature more quickly than the 
opposite side of the load (depending upon the thickness or depth and 
density of the load and other factors), inherently producing a temperature 
gradient through the load, which adversely affects the quality of the 
operation. (R 83) The parts which first reach control temperature will 
start to be processed first, and the unavoidable time lag (equalization 
period) between when the first pieces reach control temperature and 
when the last pieces reach control temperature has a great effect on the 
uniformity of the treatment being carried on in the furnace. (R 83-84) 
While uniformity of treatment could be promoted by reducing the depth 
of the load, such would involve very large furnaces (and a lot of hand 
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operation) for case depths in excess of .001 inches. (R 81) Thus, the 
quest for uniformity serves as a practical maximum limit on the depth 

of the load, while the need for increased production serves as a practical 
minimum limit on the depth of the load. 


Smith 1,721,840, who in 1925 recognized the advantage of forcibly 
circulating the atmosphere through a batch of pieces of work ina 
perforated bottom container in a furnace of the type here involved 
(Smith patent p. 2, col. 2, line 9 et seq.) instead of using radiant heat, 
also recognized that even with convection heating of the load, the 
desired uniformity may not be obtained due to the inherent temperature 
gradient through the load, and he suggested as a means of minimizing 
the temperature gradient that: 

"The direction of circulation of the air or gas within 
the furnace may be reversed from time to time or 


periodically, as by reversing the direction of rotation 
of the fan or blower,". (P. 2, col. 2, line 126 et 


seq.) (This technique has not been found effective 
ria d 


~ 


Controlled atmosphere convection heat treating furnaces in use - 
prior to the introduction in 1947 of the Dow furnace here involved, and 
of which Smith is typical, (R 82, 131) were far from satisfactory due 
to the wide variation in temperature inherently existing in different 
parts of the load when approaching control temperature and to the 
unavoidable long time interval (equalization period) between the time 
the first and last pieces of the load reach control temperature (R 82), 
which has a great effect on the uniformity of treatment carried out in 
the furnace (R 83). Thin parts as the result of being overprocessed would 
be brittle and might break in service, while the parts that reached control 
temperature last would get only a superficial hardening at the surface 
and might tend to wear out in service by virtue of being too soft (R 83). 
Neither of these extremes might be acceptable, and only the central 
portion of the load might get the correct processing (R 83). 
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Radiant heating (that is, heating in which the part to be heated 
is exposed to and "sees" the source of the heat) and which is 
enormously more effective in transferring heat than convection heating 
(R 101), is open to the objections that it is restricted to heating only a 
Single layer of parts, is very easily interrupted or interfered with, and 
the only part directly heated is that surface exposed directly to the 
source of radiation (R 80), and hence is inherently unsuitable as the 
prime method of heat transfer for batches of work piled in boxes. In 
addition, radiant heating requires continuous attention by the operator 
to prevent overheating, and to obviate this Smith, who obviously was 
familiar with the then old technique of radiant heating, taught that the 


"... heating effects due to radiant heat should be 
minimized." (p. 2, col. 2, line 111 et seq.) 


and to this end he arranged his heating elements 21 and 22 SO that the 
basket 28 and the shell 27 would intercept the radiant heat, rather than 
the work being processed (p. 2, col. 2, line 101 et seq.) 


The Advantages Achieved by the Claimed Construction 


Applicant's claimed apparatus and method combining convection 
heating of the load with radiant heating of high heat capacity material, 
which cooperates with the furnace heating tubes to vary the heating rate 
through the load by adding heat to the circulating atmosphere during the 
first part of the cycle and absorbing heat from the heating tubes dur ing 
the last part of the cycle (R 84), provides the following significant and 
unexpected advantages over anything disclosed or suggested in the art: 


1. By substantially reducing the temperature | 
gradient through the work being processed, essentially 
uniform heat treating results are obtained. (R124, _ 
123, 121, and.Pl. Ex. 8, R 70) 


| 2. By significantly reducing the overall cycle i 
time for processing each batch, due to reducing the 
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time required to equalize the temperature of the load 

at control temperature (R 123), the capacity of the 
furnace is increased, thus substantially increasing 

the output or the amount of work which can be processed 
in the furnace in a given time. 


3. By operating the heating tubes at a signifi- 
cantly lower average temperature than otherwise possi- 
ble, the life of such heating tubes is substantially 
increased (R 122). 


The foregoing specified advantages now asserted for Dow are 
stated objects of Dow's invention (R 9) and follow a brief discussion of 
the defects of the prior art (R 5-9) in the Dow application as filed. The 
claimed technique is well described in the December 1947 issue of 
METAL PROGRESS, a trade magazine which featured the article (by the 
applicant), "A New Batch-Type Gas Cyaniding Furnace" (Pl. Ex, 6, 

R 63), announcing the furnace disclosed and claimed in the application 
here involved. 


Applicant's Structure 


As illustrated in Figs. 3 and 4 (R 36), one of several embodiments 
of applicant's furnace shown in the drawings, and in the language of 
claim 40 (R 45), a batch type heat treating furnace embodying the 
invention here involved comprises a heat insulated enclosure providing 
a furnace chamber. Means consisting of perforate bottomed containers 
18 adapted to be supported upon the track 17 are adapted to support a 
batch of pieces of work in the furnace chamber so as to permit the 
circulation of the furnace atmosphere by the fan 20 through the batch of 
work. In practice the containers may contain from one hundred to 
several hundred pounds of small metal pieces, such as gears, shafts, 
bolts, collars, nuts, and various other stamped and machined pieces of 
the type shown at R 65, 61. A series of vertically arranged U-shaped 
tubes 28 are disposed along each side of the furnace chamber for 


« 


oe 
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heating the same and the work contained therein, and in addition the 
interior of the furnace chamber is provided with a heat absorbing 
element consisting of members 33, 34 and 37 which are of sufficient 
area and thickness and which are formed of high heat capacity material 
of such mass, specific heat and conductivity that it is possible for these 
members to absorb as much or more heat by radiation from the heating 
elements 28 than is required to bring a full load of work within the 
containers 18 from room temperature to control temperature. The 
high heat capacity material forms a tunnel around each heating tube 28. 


The heating elements 28 are adapted to heat the heat absorbing 
elements 33, 34 and 37 by the radiation of heat thereupon. A gaseous 
circulating medium confined within the chamber is employed for 
transferring heat by convection from the heating elements 28 and the 
heat absorbing elements 33, 34 and 37 to the work in the containers 18. 
A motor driven fan 20 forms a means for effecting the forced recirculation 
of the furnace atmosphere in a predetermined path from the fan 20 
outwardly, thence upwardly over the heating tubes 28, and the heat 
absorbing elements 33, 34 and 37, then downwardly through containers 
18 and through the batch of work contained therein, and thence back to 
the fan. Thus the batch of work is heated by convection while the high 
heat capacity material is heated by radiation (R 115). : 


Of course the furnace must initially be brought up to its operating 
temperature before the containers 18 with the work therein are inserted 
in the furnace chamber (R 144), but after the first batch of work is 
processed in the furnace, the furnace will (because of the invention here 
claimed) be up to its operating temperature and ready to receive 
immediately another batch of work, without any preheating interval 
(R 145). ! 


Thus, as shown in Fig. 4(R 36), three tunnels are arranged along 
each side of the furnace chamber with a U-shaped heating tube 27 
disposed in each tunnel. The tunnels through which the heating tubes 27, 
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28 extend are open at the top and bottom to the furnace chamber and 
the fan 20 is operative to discharge atmosphere into the bottoms of 
such tunnels, upwardly over the heating tubes 28, and thence back into 
the furnace chamber and down through the work in the work containers 
18 shown in Fig. 3. The atmosphere for the furnace is generated in 
generators which are contained within the heating tubes 28 and discharged 
into the furnace chamber in a manner which is not material here. All 
of the atmosphere in the furnace chamber is of a definite chemical 
composition and carefully controlled so that the work in the furnace 
chamber under the influence of heat at and above control temperature 
and in the presence of such atmosphere will attain the desired surface 
characteristics, i. e. heat treatment. 


After the batch of work at ambient (prevailing room) temperature 
is introduced into the furnace chamber, the hot atmosphere within the 
furnace chamber as it flows downwardly through the work in the 
containers 18 under the suction effect of the fan 20 will be cooled by the 
work (R 114), and the work will be heated by such atmosphere. Since 
the work at the top of the container is first contacted by the hot gases, 
the work at the top of the containers 18 will be heated first and more 
quickly (R 119) than the work at the bottom of the containers. 


However, because of the great amount of heat stored in the high 
heat capacity material 33, 34 and 37, the load is heated by convection 
very quickly at the first part of the heating cycle because of the 
enormous amount of heat added to the circulating atmosphere from the 
high heat capacity material. After a substantial amount of the heat 
has been removed by the circulating furnace atmosphere from the high 
heat capacity material, it acts as a sort of a brake on the rate of heating 
the load and slows down the heating when the top of the load is approaching 
control temperature, thereby reducing the temperature gradient through 
the load and thus promoting greater uniformity. (R 84 and 116) 
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After the first part of the heating cycle when the high heat capacity 
material gives off heat to the furnace gas, such material 33, 34 and 37 
absorbs heat from the heating tubes, thereby reducing the amount of 
heat from the heating tubes available for heating the load. Reducing 
the amount of heat available for heating the load reduces the rate of 
heating of the load and hence the temperature gradient through the load. 


The heat so absorbed by the high heat capacity material from the 
heating tubes recharges the high heat capacity. material so that the 
furnace will be ready for the next charge to be inserted. Thus, when 
the first charge has been heated to its control temperature, the furnace 
is immediately available for heating a second load that could be placed 
in the furnace (R 116 and 134) and "There is no time lost for reheating 
these walls." (R 117) : 

The Prior Art | 

The rejection of the claims was predicated upon a combination of 

references no one of which discloses the furnace or the method claimed. 


Benner et al 1,997, 622 and Smith 1,721,840 appear to be the 
principal references. Copies of the patent references are bound in at 
the end of the Joint Appendix. ! 


Smith shows a batch type convection furnace in which the atmosphere 

in the furnace chamber is recirculated through the load and over the 
electric resistance heating elements 21, 22, the load being carried ina 
basket 28 which is adapted to be supported within the cylindrical sheet 
metal shell 27 which prevents transmission of radiant heat from the 
resistance heaters 21, 22 to the work in the basket 28 lying adjacent 
the outer wall thereof. Smith does not disclose or suggest the use of 
high heat capacity material as disclosed and claimed by the applicant. 
Rather, Smith recommends that the use of suchMaitrial be minimized, 
for he states: : 
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"The source of heater or heating elements 21 and 22 
preferably shall have low heat capacity, or small 
capacity for storing heat, in the sense that they are 
directly or substantially directly exposed to the air 

or gas within the furnace, or, if embedded, the mass 
shall be small enough to store only relatively small 
amount of heat; or shall have a heat capacity which 

is low as compared with the heat capacity of the 
material or work to be heat-treated. This low heat 
capacity of the resistance elements 21 and 22, or 
equivalent, is desirable from the standpoint of ability 
rapidly to change in temperature, thereby contributing, 
with the circulation of the air, to reduction or 
elimination of overshooting of temperature either when 
bringing the heating chamber up to desired or control 
temperature, or during control of temperature after the 
heating chamber has been so brought upto or near the 
desired temperature." (page 3, col. 1, lines 6-27. 
Emphasis added.) 


To avoid overheating of those parts of the work at the outer sides 
of the work basket 28, Smith 

"preferred that the heating shall be effected substantially 

exclusively by convection or conduction and that heating 

effects due to radiant heat shall be minimized" (p. 2, 

col. 2, line 109 et seq.), 
and this Smith achieved by employing the shell 27 which intercepted the 
radiant heat that would otherwise be absorbed by such parts of the load, 
and by the use of low heat capacity material. 


Smith's suggestion for periodically reversing the direction of 
circulation of the gas within the furnace has not been used in the art 
(R 112), and the expedient of reversing the direction of rotation of a fan 
for the purpose of trying to reverse the direction of circulation through 
the load is impractical (R 110-112). It should also be noted that Leeds 
& Northrup, assignee of Smith, was concerned in 1950 with the problem 
of lack of uniformity of heat treating and with the problem of rapidly 
attaining temperature uniformity in a fresh charge of work. See 
Tauber et al 2, 686,665, issued August 17, 1954, col. 4, lines 30-70. 
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In order to overcome the deficiency of Smith with respect to the 
use of high heat capacity material, the Patent Office suggested that in 
view of the radiant type furnace of Benner there is no invention involved 
in using high heat storage capacity material in Smith's furnace notwith- 
standing the teaching of Smith is to the contrary. : 


Benner is not concerned with convection heating or with 
minimizing the temperature gradient through a batch of work pieces 
(R 134), or with uniformity of heating(R 91 and 134), but rather with 
the quite different problem of extremely rapidly heating the surface 
(R 91 and 134) of a solid ingot by radiation and conduction where the 
furnace is used only intermittently due to the necessity of preheating 
the heat storage material (R 92) above the desired operating temperature. 
No atmosphere circulating means are disclosed or suggested by Benner, 
and the addition of a fan to Benner would be no improvement (R 101) 
because only the pieces at the top or outside heated by radiant heat will 
receive any significant amount of heating (R 102). ! 


Where a batch of relatively small pieces of work is contained in 
a basket or container, heating by radiation or conduction is unsatisfactory 
and impractical because only the upper and/or outer exposed surfaces 
of the batch of pieces are exposed to the radiant heat, and for this reason 
the pieces beneath the surface of the stack cannot be effectively heated 
by radiation (R 135). Heating by conduction requires good thermal 
contact, which does not exist in the case of a batch of loose pieces, and 
for this reason heating by conduction is not a satisfactory or practical 
method of heating a batch of loose pieces. (R 135) | 


Benner 1, 997, 622 discloses that where the furnace is used 
intermittently, by preheating the furnace (90 minutes required) toa 
temperature about 350° C. (600° F.) above the desired temperature 
of the load (R 92) and storing such heat (during the preheating period) 
in high heat capacity material (used for lining the furnace chamber), 
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it is possible to substantially reduce the time for heating a solid ingot 
by radiation and/or conduction to 10 minutes and to obtain a more uniform 


temperature on the different sides (surfaces) of the load, but without 
any saving in time in the complete time cycle (R 99). 


Benner claims that the use of this high heat capacity material, 
silicon carbide, as a furnace lining reduces the time required to heat 
the ingot to 1000° C. (1832° F.) to ten minutes (if the preheating time 
of 90 minutes is ignored), as compared to the 90 minutes heating time 
necessary when the furnace is lined with a highly insulating material, 
plus the ten minutes preheating time involved in such case. 


This method of operation thus will be helpful only when the 
furnace is used intermittently since, while Benner ignores the amount 
of time required for preheating, some time obviously will be required 
to preheat the furnace to 1350° C. (2462° F.), and this time must be 
added to the time the load is actually in the furnace to obtain the tédtal 
cycle time. 


The following calculations (Pl. Ex. 7-R. 69, 69a, 69b, and 
R 94-99) show that the total time cycle of Benner (preheat time plus 
load time), is approximately the same whether the furnace is lined with 
the silicon carbide material or the insulation (R 99). There is no gain’ 
Thus, Finding No. 3 of the Trial Court that Benner 


"By using heat capacitors of high heat conductivity 
double(d) the power input to the furnace and thereby 
shorten(ed) the usual heating cycle" (R 147) 


is contrary to the evidence and clearly erroneous, as there is no 
evidence to support any such finding. 


The amount of heat required to raise the temperature of an object is: 
Q=Wx C, xAT 
Where Q= Quantity of heat in calories 

c p = Specific heat of the material 


(0.143 cal. /gram/*c, is the specific 
heat of steel) 
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A\T = Temperature difference, 
W = Weight of load in grams | 
Heat required to heat a load of W grams of steel from 25°C to 1000°Cc: 


S, * =W x 0.143 cal/gram/°c x (1000-25) 
= 139.4xW 


%. 


Heat supplied by lining when heating load 


The Silicon carbide (SIC) lining supplies heat at a rate of 
645,000 cal. /min. for the 10 minutes the load is in the 
furnace, 


= 6,450,000 cal. 


The insulation lining if used instead of the silicon carbide 
supplies heat at the rate of 8,000 cal. /min. for the an 
minutes the load is in the furnace, 

= 720,000 cal. 


Let rate of heat supply by heating elements = Qh cal. /min. | 
Then QE = Heat required by load - Heat supplied by ining 


Heating time 
For the SiC lining, the load heating time is 10 minutes 


and Qe = 139.4W - 6,450,000 cal. /min 
10 


For the insulation lining, the load heating time is 90 minutes 
and Qe = 139.4W - 720,000 cal. /min. 
90 


now Q., = 139.4W - 6,450,000 . 139.4W - 720,000 
—$qo o> = 0 
and, solving for W, 


W = 51,400 grams, 
thus Q,, = 139. 4W 
and Q. 


( approximately 115 lbs. ) 

= 7,165, 160 cal. : 

= Q, - 6,450,000 = 71, 516 cal. /min. 
a : 


Total Cycle with Silicon Carbide lining as disclosed by Benner 


The total operating cycle is the preheating time plus the time the load 
is in the furnace 


We have seen that the heat supplied by the SiC 
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lining is 5,450,000 cals during the 10 minutes the load is in the furnace. 


This heat must be added to the lining during the preheating from 1000 
to 1350° C. If the lining could be heated at the same rate as that at 
which it supplies heat to the load, it would take 10 minutes for pre- 


heating plus 10 minutes for the load, making a total time of 20 minutes. 


However, the element can supply heat only at a constant rate, 
Qe = 71,516 cal./min. Thus the time to preheat the lining is: 
6,450,000 cal = 90.2 minutes 

“71, 516 cal/min — 
Thus the total time for preheating and for the load is 90.2 plus 10 or 
100.2 minutes. This total time of approximately 100 minutes agrees 
with Benner's statement, page 2, col. 1, line 12 et seq.: "The time 
of heating for a massive charge of metal can be decreased to approxi- 
mately one-tenth that when the charge is heated by radiation from the 
resistor alone..." 


Total Cycle with Insulation Lining as disclosed by Benner. 


The heat supplied by the insulation lining to the load is 8,000 cals. /min. 


for 90 minutes, or 720,000 cal. 
The element can supply heat only at a constant rate, 
Qe = 71,516 cal. /min. 


Thus the preheat time for the insulation lining is: 


720,000 cal. = 10.1 minutes 
71,516 cal. /min. 


Thus the total time for preheating and for the load is 10.1 plus 90 or 
100.1 minutes. 


It can be seen therefore that the total time for preheating the 
furnace and for heating the load does not depend on the lining material 
and that Benner's technique is useful only for intermittent furnace 
operation. Thus the use of Benner's technique would require that the 
furnace stand idle for most of its time -- hardly a useful technique that 
contributes to furnace efficiency. 


x? 
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In both Kelleher and Fitz Gerald the heating means is in a chamber 

separate from the chamber which contains the work to be heated 

(R 125-127), and heat is transferred between such chambers by a heat 

conducting material such as silicon carbide. There is no provision in 

Kelleher or in Fitz Gerald for the circulation of atmosphere between the 

furnace chamber and the heating element chamber 2 (R 126). In fact, 

the object of Kelleher is to prevent the atmosphere in the furnace 

chamber from circulating in the heating element chamber 2(R 126), 

and Fitz Gerald has the same object. The compartments in which 

Kelleher and Fitz Gerald dispose their heating elements are not 

tunnels through which the furnace atmosphere is circulated, as in 

applicant's case, but rather are separate chambers so designed as to 

prevent the circulation of atmosphere between such chambers and 

the chambers containing the work to be heated. 


Applicant's Performance 
Performance of. the Prior Art 
The important differences in performance between applicants 

furnace and those of the prior art may best be understood by reference 
to the performance curves shown in application Figs. 7 and 8 (R 38) 
and in Pl. Ex. No. 8(R 70). Fig. 7 illustrates the performance which 
might be obtained from a conventional furnace structure not employing 
Dow's high heat capacity material, for example the furnace disclosed 
in Smith 1,721,840 (R118). Fig. 8 and Pl. Ex. 8 disclose the 
performance of a furnace embodying the claimed invention. | 


In Fig. 7 the numeral 57 indicates the temperature curve of the 
hottest part of a 1250 lb. load of work being processed, which is at 
the top where the hot atmosphere enters the work, and 58 indicates the 
temperature curve of the bottom or coldest part of the work (R 118). 
The numeral 59 indicates the theoretical average rate of heating the 
work during the heating period, which is the 60 minute period required 
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to bring the top of the work up to the control temperature of 1500° F. 
When control temperature is reached, the heat supplied by the heating 
elements is reduced to a rate such that the temperature at the top of 
the work does not increase beyond 1500° (R 117). 


By examining the curves 57 and 58 in Fig. 7 at five-minute 
intervals during the heating period, it will be observed that the 
temperature gradient, or difference in temperature between the top 
and bottom of the load, does not decrease, but rather increases during 
the heating period, and that the heating element temperature increases 
during this period to 1920° F., which is over 400° higher than control 
temperature (R 121). Fifty minutes of additional time is then required 
to bring the bottom of the load to control temperature (R 119). 


Referring to Fig. 8 (R 38) which shows the performance curves 
for applicant's furnace, the numeral 62 indicates the temperature of 
the top and 63 the temperature of the bottom of a work load of 1250 lbs. 
(R 119,120). In this furnace 1250 paunds of high heat capacity material 
has been placed in position to receive heat by radiation from the 
heating tubes. The average heating rate indicated by the line 64 is the 
same in this furnace as in the furnace illustrated by Fig. 7, that is, 
in each case enough heat is put into the 1250 pounds of work to bring 
the top of the work to control temperature in sixty minutes (R 120). 
It will be noted, however, that with the heat absorbing material 
augmenting the heat given off by the heater tubes, heat is supplied to 
the work very rapidly during the initial part of the heating period and 
at a much faster rate than in the case of the prior art furnace 
illustrated by Fig. 7 (R120). The maximum temperature gradient in 
the work, which from Fig. 8 will be noted to be approximately 440°, 
is reached in the first 10 minutes of the 60-minute heating period. 
Thereafter the temperature gradient is less (R 120) because the heating 
tubes are required to heat both the work and the heat absorbing material. 
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; | : 
This very rapidly decreases the heating of the work, until after about 


30 minutes of the heating period the temperature gradient is reduced to 
approximately 200°, This is because heat from the heating tubes is 
absorbed at a greater rate by the heat absorbing elements than it is 

by the circulating medium (R 14p). After 30 minutes the temperature 
gradient in the work, while increasing slightly, remains almost 
constant up to the end of the heating period (R 121). 


Comparing Figs. 7 and 8, the steeper slope of line 62 as 
compared with line 57 shows that the heating rate of the top of the load 
after about 20 minutes of the heating period is very much less in Fig. 8 
than it is in Fig. 7. Actually, the top of the load indicated by line 57 
in Fig. 7 increases in temperature from 1200° to 1500° during the 
last 15 minutes of the heating period. On the other hand, the top of 
the load in Fig. 8, as indicated by line 62, is ata temperature of 1325° F. 
fifteen minutes before the end of the heating period and heats only 17 5° 
during this interval. ! 


In the furnace illustrated by Fig. 7, it will be observed that the 
temperature gradient increases continuously through the entire work 
heating period and reaches a maximum of nearly 400°\at the end of 
the heating period (R 119): It will be noted that in applicant's furnace 
the temperature gradient increases very rapidly during the first part 
of the work heating period, then reaches a minimum at about the middle 
of the work heating period, and then increases slightly until control 
temperature is reached, and at this time the \ eetesiaiieas gradient is 
Only about 240° as compared with nearly 400° in the prior art furnace 
(R 120). 3 


Referring again to Fig. 7, when starting the equalization period 
with a temperature gradient of 380° and by regulation of the heating 
element so'that no part of the work reaches a temperature greater than 
control temperature, it takes a good 50 minutes for the temperature of 

' the bottom of the work to equalize with the temperature of the top of 
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the load (R119). Inother words, during this entire 50-minute 
period the top of the’ work is held at 1500° and is being processed 
while the temperature of the remainder of the work is being brought up 
to 1500° but is not being processed. By holding the temperature of the 
top of the work at control temperature for this period it will be 
apparent that there will be a considerable difference in the degree of 
processing of the top of the work as compared with other parts of the 
work in the prior art furnace. 


Referring again to Fig. 8 and starting the equalization period 
with a temperature gradient of 240°, it will be apparent that much less 
time is required to equalize the temperature of all parts of the work. 
For example, only 35 minutes (R 120) are required in the structure 
illustrated by Fig. 8, compared to 50 minutes in the structure 
illustrated by Fig. 7, a reduction in time of 30%. This difference in 
equalization time not only saves time in the overall heating cycle, but 
it will be apparent that the degree of processing of all of the work in 
a batch of work will be more nearly uniform. 


Again comparing the performance of the two furnaces, the 
temperature of the heating element in the structure illustrated by Fig. 7 


is 1920° when control temperature is reached, whereas in the structure 
illustrated by Fig. 8 this temperature is only 1720°. This 200° differ- 


ence in temperature makes a very great difference in the life of the 
heating elements simply due to the fact that heating elements operated 


at a maximum of 1720° will last much longer than when operated at 
1920° (R 122). 


To show that applicant's claimed advantages of more uniform 
heat treating and a substantial reduction in the overall cycle time are 
real, plaintiff introduced the results of a typical temperature uniformity 
test (R 124) of the Dow Furnace Company, Pl. Ex. 8(R 70), which was 
performed using a furnace embodying the invention disclosed in the 
application here involved (R 123). Such test was made in the ordinary 
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course of business of The Dow Furnace Company, a licensee, and was 
not made for the purpose of this litigation (R 123). The curves of 
Ex. 8 are drawn on the same scale as Figs. 7 and 8 and show the 
progress of heating a load from room temperature to a control 
temperature of 1550° F. Ex. 8 shows that substantial uniformity 
between the top and bottom parts of the load was reached in some 25 
minutes after the top part of the load had reached control temp erature 
(R 123), and Mr. Holman, a metallurgical engineer for The Dow 
Furnace Company, testified that the performance shown in Ex. 8 
appeared to be better than that of the furnace shown in Fig. 8 of the 
application where an equalization period of 35 minutes was required to 
bring all of the load to a control temperature of 1500° F. 


Ex. 8 further shows the uniformity of the average case depth of 
the parts at the top and bottom of the load, and Mr. Holman characterized 
the results from the standpoint of uniformity as excellent. | 

"The type of load being processed is a difficult one in 

which to achieve uniformity, and to my knowledge, there 

is no other type of furnace that would give you that 

degree of uniformity. " (R 124) 

That the Dow "Heat Capacitor" made a tremendous impress ion 
upon the trade is attested by the HEAT TREATING bulletin, Pl. Ex. 10 
(R 71-74), published by Lindberg Engineering Company, builders of 


Lindberg Furnaces. In the article entitled "Carbonitriding", after 


pointing out the importance of it for all persons involved in heat 


treating, the following unsolicited testimonial is given to the Dow 
Furnace with its "heat capacitor": : 


"|... But, it was not until 1947 when J. A. Dow -- then 
president of the Dow Furnace Company-- introduced his 
furnace for the process, that the present enthusiasm : 
developed. The Dow Furnace was a combination of an old 
design, abandoned for years and the relatively new principle 
of high temperature convection. The result was so successful 
that the same principles, and in many instances the same 
furnace, were used for other processes such as a i 
bright hardening, bright annealing, etc. 
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the load (R119). Inother words, during this entire 50-minute 
period the top of the work is held at 1500° and is being processed 
while the temperature of the remainder of the work is being brought up 
to 1500° but is not being processed. By holding the temperature of the 
top of the work at control temperature for this period it will be 
apparent that there will be a considerable difference in the degree of 
processing of the top of the work as compared with other parts of the 
work in the prior art furnace. 


Referring again to Fig. 8 and starting the equalization period 
with a temperature gradient of 240°, it will be apparent that much less 
time is required to equalize the temperature of all parts of the work. 
For example, only 35 minutes (R 120) are required in the structure 
illustrated by Fig. 8, compared to 50 minutes in the structure 
illustrated by Fig. 7, a reduction in time of 30%. This difference in 
equalization time not only saves time in the overall heating cycle, but 
it will be apparent that the degree of processing of all of the work in 
a batch of work will be more nearly uniform. 


Again comparing the performance of the two furnaces, the 
temperature of the heating element in the structure illustrated by Fig. 7 
is 1920° when control temperature is reached, whereas in the structure 
illustrated by Fig. 8 this temperature is only 1720°. This 200° differ- 
ence in temperature makes a very great difference in the life of the 


heating elements simply due to the fact that heating elements operated 


at a maximum of 1720° will last much longer than when operated at 
1920° (R 122). 


To show that applicant's claimed advantages of more uniform 
heat treating and a substantial reduction in the overall cycle time are 
real, plaintiff introduced the results of a typical temperature uniformity 
test (R 124) of the Dow Furnace Company, Pl. Ex. 8(R 70), which was 
performed using a furnace embodying the invention disclosed in the 
application here involved (R 123). Such test was made in the ordinary 
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course of business of The Dow Furnace Company, a licensee, and was 
not made for the purpose of this litigation (R 123). The curves of 
Ex. 8 are drawn on the same scale as Figs. 7 and 8 and show the 


progress of heating a load from room temperature to a control 


temperature of 1550° F. Ex. 8 shows that substantial uniformity 
between the top and bottom parts of the load was reached in some 25 
minutes after the top part of the load had reached control temp erature 
(R 123), and Mr. Holman, a metallurgical engineer for The Dow 
Furnace Company, testified that the performance shown in Ex. 8 
appeared to be better than that of the furnace shown in Fig. 8 of the 
application where an equalization period of 35 minutes was required to 
bring all of the load to a control temperature of 1500° F. 


Ex. 8 further shows the uniformity of the average case depth of 
the parts at the top and bottom of the load, and Mr. Holman characterized 
the results from the standpoint of uniformity as excellent. | 


"The type of load being processed is a difficult one in 
which to achieve uniformity, and to my knowledge, there 
is no other type of furnace that would give you that | 
degree of uniformity." (R 124) 


That the Dow "Heat Capacitor" made a tremendous impress ion 
upon the trade is attested by the HEAT TREATING bulletin, Pl. Ex. 10 
(R 71-74), published by Lindberg Engineering Company, builders of 
Lindberg Furnaces. In the article entitled "Carbonitriding", after 
pointing out the importance of it for all persons involved in heat 
treating, the following unsolicited testimonial is given to the Dow 
Furnace with its "heat capacitor": | 


".... But, it was not until 1947 when J. A. Dow -- ‘then 
president of the Dow Furnace Company-- introduced his 
furnace for the process, that the present enthusiasm 
developed. The Dow Furnace was a combination of an old 
design, abandoned for years and the relatively new principle 
of high temperature convection. The result was so successful 
that the same principles, and in many instances the same 
furnace, were used for other processes such as carburizing, 
bright hardening, bright annealing, etc. 
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"Dow described his heating method as a ‘heat 
capacitor’. Where for years furnace engineers had ‘ = 
worked to reduce heat content of furnace linings, 
principally by the use of refractory insulation, Dow not 
only put back the heavy firebrick walls but added heavy 
firebrick piers as baffles for directing the forced « 
convected gases. The result was that the cold work n 
charged into the chamber was hit by a tremendous volume 
of heat, not merely that supplied by the radiant tubes or 
elements but an even greater amount from that stored up 
in the refractories. The fan distributed this heat 
throughout the furnace and charge resulting in a heating 
rate beyond that which could be obtained by tubes or { 
elements alone. f 


"Once the charge reached temperature and heating 
requirements reduced, the heat taken from the 
refractories was returned to be used by the next load. 


"The foreign engineers who visited the Detroit 
Metal Show this fall were amazed to find American 
production engineers so enthusiastic about batch type 
furnaces rather than continuous equipment for such a 
production process as carbonitriding. The high tempera- 
ture fan and the 'heat capacitor’ had created the 
‘exception that proves the rule.’ " 


The Claims and the Grounds of Rejection 


At the trial before the District Court the undisputed evidence 
established that the basis upon which the Patent Office refused a 
patent containing the claims here involved was erroneous, but in spite 
of this the Trial Court in effect "rubber-stamped" the decision of the 
Board of Appeals (R 150) and made crucial findings, particularly 
Findings Nos. 3 and 7, which are contrary to the evidence and for 
which there is absolutely no support in the record. 


All of the apparatus claims (39-52 and 56) here involved define 
a batch heat treating furnace of the convection type having a furnace 
chamber, heating means disposed in the furnace chamber, and means 
for supporting a batch of pieces of work in the furnace chamber so as 
to permit the forcible circulation (by a fan means) of the furnace 
atmosphere through the batch of work. Additionally, such claims 
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include a heat absorbing element, i. e. high heat capacity material, 

in the furnace chamber which is heated by radiation from the heating 
means therein and which is arranged so that the circulating atmosphere 
within the furnace chamber will transfer heat by convection from such 
heat absorbing element to the work along with heat from the heating 
means. The capacity of the heat absorbing element for absorbing heat 
is specified in claim 40 as being great enough to provide a minimum 
temperature gradient in the batch of work when the work reaches 
control temperature, while claim 46 specifies that the capac ity is great 
enough to decrease the temperature gradient in the batch of work toa 
minimum during that portion of the heating cycle when the case is being 
formed on the work pieces. Claims 39 and 45 specify the capacity as 
being greater than one-third of the heat required to bring a full load of 
work to control temperature. Claim 44 specifies that the capacity of 
the heat absorbing element is equal to the heat required to bring a full 
load of work to control temperature. Other apparatus claims, such as 
41, 42 and 43, specify the capacity in terms of the maintenance of the 


rate of heating the work. 


Thus, all of the apparatus claims define a convection type of 
furnace in which high heat capacity material, arranged so as to be 
heated by radiation from the heat source, cooperates therewith to vary 
the heating rate through the load so as to substantially reduce the 
temperature gradient through the load when control temperature is 
reached, to substantially reduce the equalization period, and to 
substantially lower the average operating temperature of the heating 
tubes. 


Furnace claims 49-52 and 56 were additionally rejected as 
unpatentable over Benner and Smith in view of Fitz Gerald and Kelleher. 
This group of claims includes the additional limitation of the tunnels in 
which the heating tubes are arranged and through which the furnace 
atmosphere is forcibly circulated for absorbing heat from the heating 
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elements as well as from the surfaces of the tunnels heated by radiation 


from the heating elements. 


Method claims 30-38 define a method of treating a batch of 
pieces of work in a confined atmospheric medium of a batch type 
furnace in which there are arranged the heat generating element and 
the heat absorbing element, with the heat absorbing element arranged 
to absorb heat from the heat generating element. Typical method claim 
32 involves the following steps: 


A. Transferring heat by radiation from said heat generating 
element to said heat absorbing element until the latter has 
absorbed a substantial part of the heat required to bring a 
batch of work up to control temperature. 


B. Arranging a batch of pieces of work in said atmospheric 
medium to absorb heat therefrom. 


C. Transferring heat by recirculating said medium ina 


predetermined path over said heat generating element and 
said heat absorbing element and through said batch of work 
until a substantial portion of said quantity of heat absorbed 
by said heat absorbing element has been transferred to 
said work. 


D. Reducing the rate at which heat is transferred from said 
heat generating element to said batch of work. 


E. Said method involving the heat transfer to said batch 

of work at such rate that the rate of heating said batch of 
work is great enough to produce a relatively large 
temperature gradient in the batch of work during the first 
part of the heating cycle, and low enough during the latter 
part of the work heating cycle to decrease the temperature 
gradient in said batch of work until the control temperature 
of said batch of work is approached. | 
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Thus, the method claims define the method or process aspect of 
the invention which is productive of the same advantages as the 
apparatus claims. | 


STATUTES INVOLVED 


While the Trial Court in its Findings (R 147) and Opinion 
(R 149) cited no particular section of the Patent Statutes, it is 
apparent from the Trial Court's Finding No. 7 (R 148) that if any 
specific section of the Statutes is involved, it is Section 103. 


35 USC 103 
Conditions for patentability; non-obvious subject matter 


A patent may not be obtained though the invention 

is not identically disclosed or described as set forth | 

in section 102 of this title, if the differences between 
the subject matter sought to be patented and the prior 
art are such that the subject matter as a whole would 
have been obvious at the time the invention was made | 

to a person having ordinary skill in the art to which 

said subject matter pertains. Patentability shall 
not be negatived by the manner in which the invention 
was made. July 19, 1952, c. 950, Sec. 1, 66 Stat. 798. 


STATEMENT OF POINTS 
The Trial Court erred: 


1. In refusing Dow's claims on the ground that it would not 
require more than routine talent for a furnace designer using Benner's 
radiant heating furnace for the heat treatment of a mass of small 
objects, to attempt to reduce the temperature gradient by known 
means, such as the provision of a fan to circulate gas within the 
furnace, as taught by Smith, where Smith teaches that: (a) heating 
effects due to radiant heat should be minimized, " and (b) low heat 
capacity material should be used rather than high heat naneeity 
material as in Benner. 
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2. In holding that Benner, by using high heat capacity material, 
doubled the power output to the furnace and thereby shortened the usual 
heating cycle, when the undisputed evidence establishes that Benner's 
use of high heat capacity material produced absolutely no gain in the 
heating cycle. 


3. In holding that the claims do not define invention in view of 
the prior art where the evidence before the Trial Court established that 
the basis upon which the Patent Office refused the claims is erroneous 
and that the claimed techniques have substantially advanced the art: 


(a) by substantially reducing the temperature gradient 
through the work being processed, thereby achieving substantially 
uniform heat treating results; 


(b) by substantially reducing the overall time for 
processing each batch due to reducing the time required to 
equalize the temperature of the load at control temperature, 
thus materially increasing the output of the furnace; and 


(c) by substantially reducing the average operating 
temperature of the heating tubes, thereby increasing their 
useful life. 


SUMMARY OF ARGUMENT 


Lack of uniformity of heat treating results due to the inherent 
temperature gradient through the load when control temperature is 
reached had long been a problem in the art, and no real solution of 
such problem appeared until Dow devised the simple and effective 
techniques here involved which (1) substantially reduce the temperature 
gradient through the load and thereby achieve uniformity of heat 
treatment results; (2) reduce the equalization period and the overall 
time cycle for processing a load; and (3) make it possible to operate 
the heating tubes at a substantially lower average temperature, thereby 
prolonging their life. The results achieved by Dow represent a definite 
advancement in the art of heat treating and a new result in a patent sense. 
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The techniques devised by Dow have been used successfully 
and extensively since the Dow Furnace incorporating the invention 
here involved was introduced. (Pl. Ex. 3, 4, 5A and 5B). The 
only expedient suggested by the art for minimizing the temperature 
gradient in a convection furnace--namely, reversing the direction 
of circulation of the furnace atmosphere--has not been found effective. 


Where Smith taught that heating effects due to radiant heat should 
be minimized and that low heat capacity material should be used rather 
than high heat capacity material, the Trial Court's Findings that Dow's 
claims are an obvious adaptation ot Benner's radiant heating furnace 
in view of the convection furnace of Smith cannot be sustained. 


Overheating of the parts attend the use of radiant heating, along 
with the fact that radiant heat requires single layer heating, a lot of 
hand operation, and large furnace areas which severely limit the 
efficiency and rate of production. 


Where the evidence indisputably establishes that =m use 
of high heat capacity material produces absolutely no gain in the 
heating cycle, the Trial Court's crucial Finding No. 3, that Benner 
by use of high heat capacity material doubled the power output to the 
furnace and thereby shortened the usual heating cycle, cannot be 
sustained. 


Benner's "uniformity of heating" is but that of heating all 
sides of the load at once rather than achieving temperature uniformity 
through the load, and Benner's technique of heating while preheating 
would actually increase the temperature gradient between the inside 
and outside of the load. 


The basis of the Patent Office decision adopted by the Trial 
Court to the effect that Benner discloses reduction of time in heating 
the metal articles and uniformity in heating, having been shown by 
the evidence to be erroneous, the Trial Court was in error jin failing 
to reverse the Patent Office. | 
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In view of the enormous differences in the effectiveness 
of radiant heating and convection heating, the addition of a fan to 
Benner for circulating his atmosphere would produce no useful 
result. 


Even if a fan were added to Benner, Benner's radiant heating 
furnace would still remain highly undesirable because of (1) Benner's 
technique of greatly overheating the furnace in the preheating period, 
(2) the long idling of the furnace during preheating period, and 
(3) the highly objectionable radiant heating of the work with its 
attendant overheating of the exposed surface of the load. 


Benner's "time saving", achieved at the expense of long 
idling of the furnace while it is preheated and of greatly overheating 
the furnace during such preheating period, would adversely affect 
the life of the furnace heating elements; whereas, Dow's technique 
permits operating the heating tubes at an average temperature 
substantially less than others,a matter of significance in the life 
of the heaters. 


The evidence shows that the suggested modificiation of Benner 
in view of Smith would not produce the results achieved by applicant. 


The recognition accorded to Dow's "heat capacitor" by a 
competitor is highly persuasive that what Dow has done is far from 
obvious. 


In view of the evidence, the Trial Court's holding that the 
claimed invention is obvious is clearly erroneous. 


As the heating elements of Fitz Gerald and Kelleher are 
arranged in a separate heating chamber through which the furnace 
atmosphere does not circulate, there is no basis for combining 
these references with Smith or Benner as a basis for rejecting 
claims 49 to 52 and 56, and this is particularly true where as here 


al 
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Benner, even if modified in view of Smith, does not meet the 
concept of Dow as defined in his claims 40 to 48 inclusive. 


Dow's combination of old elements forming a convection 
heat treating furnace having a new modus operandi and which 


produces new and improved results is patentable in view of the 


established law. 


In view of the law applicable to the patentability of method 
claims, refusal of claims 30 to 39 inclusive is legally unwarranted. 


As the differences between the subject matter sought to 
be patented by Dow and the prior art are such that the subject 
matter as a whole was not obvious at the time Dow made his 
invention to a person having ordinary skill in the heat treating art, 
Dow's furnace and method are patentable and meet the test of 
Section 103 of the Patent Statutes. : 
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ARGUMENT 

Where Smith Taught That Heating Effects Due to 

Radiant Heat Should Be Minimized and That Low Heat 

Capacity Material Should Be Used Rather Than High 

Heat Capacity Material, It is Reversible Error for 

the Trial Court to Have Found that Dow's Claims are 

an Obvious Adaptation of Benner's Radiant Heating 

Furnace in View of the Convection Furnace of Smith 

By combining convection heating of the load with radiant heating 
of high heat capacity material, where the high heat capacity material 
heated by the heating tubes cooperates therewith to vary the heating 
rate through the load, Dow substantially reduced the temperature 
gradient through the load and thereby achieved substantial uniformity 
of heat treatment, substantially reduced the equalization period and 
the overall time cycle, and substantially lowered the average operating 
temperature of the heating tubes, thereby prolonging their life. 


Radiant heating and convection heating have been well known in 
the art since at least 1925. Prior to convection furnaces of the type 
shown in Smith, it was the practice in the art to employ radiant heating 
as disclosed in Kelleher 1, 637,486 and Fitz Gerald 1, 646,058 for 
example, wherein the electric heating element was disposed in one 
chamber, the articles to be heated were disposed in another and 
separate chamber, and a solid wall was arranged between such 
chambers so as to prevent the circulation of atmosphere there between , 
such wall being made of heat conducting material, however, so as to 
transfer heat from the heating means in the heating chamber to the 
work to be processed in the work chamber. Also recognized was the 
problem of overheating attending the use of radiant heat along with the 
fact that radiant heat required single layer heating, large furnace 
areas, and a lot of hand operation, which severely limited the 
efficiency and rate of production in heat treating using radiant heat. 

(R 80, 81) 
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It is not surprising that the art in its need for increased pro- 
duction turned to convection heating, particularly in the heat treatment 
of batches of small pieces of work. However, with convection heating 
arose the problem of lack of uniformity of results occasioned by the 
temperature gradient through the work when control temperature was 
reached, and undoubtedly it was for this reason Smith taught that 
"heating effects due to radiant heat should be minimized” and that the 
direction of circulation of the air or gas within the furnace should be 
reversed periodically. Not only did Smith teach that the heating 
effects due to radiant heat should be minimized, but he also taught 
that the heating elements, directly exposed to the air or gas within the 
furnace, or embedded, should be such as to store only a small amount 
of heat, in order to permit rapid change in temperature and to prevent 
the reduction or elimination of overshooting of temperature either when 
bringing the heating chamber up to control temperature or during control 
temperature (Smith 1, 721, 840, p. 3, col. 1, line ‘6 et seq. ) 

Smith, who was familiar with radiant heat as well as with low 
heat capacity and high heat capacity material and the lack of uni- 
formity occasioned by the temperature gradient through the load, 
certainly would have suggested the use of high heat capacity material 
as a means of minimizing the temperature gradient if such i a concept 
had occurred to him. : 

In rejecting the foregoing reasons for modifying Smith in view of 
Benner, the Board of Appeals of the Patent Office and the Court below 
brushed off Smith's teaching against the use of a furnace rine large 
heat storing capacity with the observation 


"We see nothing in this statement which would ; 
militate against Benner et al employing gas : 
circulating means within their furnace." 


Obviously, any modification of Benner in view of Smith to pro- 
vide a convection furnace using high heat capacity material would be no 
different than the addition of high heat capacity material to the convection 
furnace of Smith in view of Benner. Thus the purported reason of the 
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Trial Court and the Patent Office for holding that it would be obvious 
to add the gas circulating means of Smith to Benner'‘s furnace is no 
reason at all, does not bear scrutiny,, and is tantamount to doing the. 
very thing that Smith taught should not be done. 


Benner is assigned to the Carborundum Company which has long 
sold silicon carbide material for use in furnaces. See Kelleher 
1, 637, 486 who refers to silicon carbide, and Fitz Gerald 1, 646, 058 
who refers to Carborundum, the trade mark for silicon carbide sold 
by the Carborundum Company. Thus, the use of high heat capacity 
material, such as silicon carbide, was not nev with Benner. Benner's 
concept was that by using high heat capacity material and preheating 
the furnace while empty to a temperature substantially above the 
desired temperature of the load and storing much heat in the high heat 
capacity material which lined the furnace chamber, (Benner 1, 997, 622 
p. 3, col. 2, line 25) it is possible to substantially reduce the time that 
a solid ingot would have to be in the furnace to be heated by radiation 
or conduction, and that by the use of such material he could obtain a 
more uniform heating of the different sides of the load (Benner p. 4, 
col. 1, lines 7-15) than was otherwise possible when both the load and 
the furnace are heated simultaneously from a cold start, due to the 
fact that radiant heat will only directly heat the surface which is directly 
exposed to it. Atp. 4, col. 1, line 33 Benner refers to a "six inch 
thick ceramic plaque." 


Obviously Benner's technique is useful only where the furnace 
is used intermittently, and while Benner does not specify the amount 
of time required for preheating, obviously some time will be required 
and to obtain the total cycle time the preheating time must be added to 
the time that the load is actually in the furnace. 


The suggested addition of a gas circulating means to Benner's 
furnace as a basis for anticipating the claims does not bear scrutiny 
and would appear ridiculous to those skilled in the art in view pf the 
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inefficiency of convection heating relative to radiant heating. The 
addition of a circulating fan to Benner to circulate the atmosphere 
therein would produce no useful result and would not materially im- 
prove the heating of the ingot 11, as it is heated more effectively by 
radiation and/or conduction than by convection or circulation (R 100). 
As pointed out by Holman, the amount of heat that could be’ trans- 
mitted by circulating gas in Benner's furnace would be negligible 
compared with the tremendous quantities of heat transmitted by the 
lining and by the resistor itself. (R100) The basic reason for this 

is that convection heating is not a very effective way of transmitting 
heat if you can instead transmit heat by radiation. Convection heating 
is not as efficient because you have to heat up such a tremendous quan- 
tity of gas and to circulate such a tremendous quantity of gas in order 
to transmit the amount of heat involved (R100). Since Benner can add 
heat at the rate of 645, 000 calories per minute by radiation and con- 
duction, the amount of heat that could be transmitted by circulating a 
gas would be negligible. 


Holman agreed that the relative order of magnitude, that is, the 
difference in effectiveness of the two systems, | 


"would be something like hooking up a canoe i | 
front of the Queen Mary for the purpose of 
attempting to move it along." 


Thus the suggested addition of a fan for circulating the atmosphere in 
Benner would appear ridiculous to those in the art who are acutely 
aware of the oot 2 effectiveness of radiation and convection as alter- 
native methods of heating. ) 


Even the use of a tray for holding pieces of work in the Benner 
furnace would not be useful because of the pieces at the outside or the 
top of the tray would be heated very quickly and severely overheated 
because of being exposed to the radiant heat (R 101) and would be heated 
to a temperature approaching the temperature of the inside of the furnace, 
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while the pieces hat were not exposed directly to the radiant heat 
would heat very slowly. (R102). Thus, even if a tray of pieces or 
work were added to Benner's furnace along with the fan, the result 


still would not be useful because you would still have the same tempera- 


ture gradient problem and it would be much more severe because of 
the effectiveness of the radiant heat in heating the pieces of work 
directly exposed to the source of radiation. 


The Benner patent does not disclose that there is any utility 
for his furnace in connection with heating a batch of pieces of work 
and the problem of heating a single piece of material is an entirely 
different problem than heating a batch of pieces of work. (R 102) 
As an experienced engineer in the heat treating field, Holman would 
not use a furnace of the kind disclosed in Benner for heating batches 
of work (R 102). The concept of Benner of heating the inside of a 
furnace substantially higher than the temperature to which it is 
desired to heat the load would merely aggravate the problem of 
securing temperature uniformity through the load ( R 103) because 
it would help to create a greater difference between the temperature 


in the center and the temperature at the outside of the load (R 103-104). 


Overheating of the furnace during the preheating period, as taught by 
Benner, is also disadvantageous in connection with metallurgical 
reactions of the kind involved in operations performed by the Dow 
Furnace occause metallurgical reactions proceed at a certain definite 
rate of time at any given temperature, and they always proceed faster 
when the temperature is raised (R105). Thus, if you use a higher 
temperature, you will carry out the process at a faster rate, which 
would seriously aggravate the problem of uniformity during the 
equalization period. 


Benner's whole concept of heating is based solely on radiating 
heat from the heaters 1 and the high heat capacity material directly to 
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all sides of the load for heating the same, whereas Dow, like Smith, 
is concerned with shielding the load from radiant heat and minimizing 
the heating effects of radiant heat on the load (Dow specification, 

(R. 6). All claims have involved specify that the load is heated by 
circulating the furnace atmosphere over the heating tubes and high 
heat capacity material and through the batch of work. The circulation 
of the furnace atmosphere over the high heat capacity material and the 
heating tubes, as well as the shielding of the work from direct radia- 
tion, are essential differences between Benner and Dow (R 139). To 
modify Benner as suggested so as to eliminate his technique of radiant 
heating of the load would defeat the very purpose of Benner's teaching. 


Thus, the suggested addition to Benner's radiant heating furnace 
of a circulating fan, as taught by Smith, is not only contrary to the 
teachings of the art, including Benner, but also is a suggested modi- 
fication which runs directly counter to the significant facts established 
by the evidence relating to the problems and factors involved in radiant, 
convection, and conduction heating, and in heatng single large pieces 
vs. a batch of pieces. Thus, where as here Dow went contrary to the 
teachings of the art in using high heat capacity material in a convection 
heat treating furnace (whether it is called a modification of Smith in 
view of Benner, or vice versa) and thereby produced a new and useful 
result, the claimed structure and method can not logically be rationali- 
zed as obvious, as found by the Court in its Finding No. 7. : See 
Aerovox v. Concourse Electric (C.A. 2, 1933), 65 Fed. ad 386, 18 
USPQ 52, 54; In re Sutton and Boothby (CCPA 1954), 211 Fed. 2d 582, 
101 USPQ 186; Emil Olsson vs. U.S. (Ct. of Claims, 1931), 72 Ct. Cls. 


72, 9 USPQ 111, 124; Millinery Braid vs, Arlyn Knitting (s. D. N. Y. 
1934), 22 USPQ 386. 
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Where the Evidence Indisputably Establishes That 
Benner's Use of High Heat Capacity Material Pro- 
duces Absolutely No Gain in the Heating Cycle, It 
Is Reversible Error for the Court to Have Held, 
As It Did in Finding No. 3, that Benner, by Using 
High Heat Capacity Material, Doubled the Power 
Output to the Furnace and Thereby Shortened the 


Usual Heating Cycle 

The error in Finding No. 3 (R 147) of the Trial Court is crucial 
because it formed the basis for the decisions of the Board of Appeals 
and of the Court in holding that it would be obvious to modify Benner 
in view of Smith. In its decision the Board of Appeals stated: 


", . . The results achieved by appellant and 
stressed by him, mainly, reduction of time in 
heating the metal articles and uniformity of 

heating, are fully described by Benner et al.” 


(R 150) 

The evidence in this case clearly establishes that Benner's use 
of high heat capacity material achieved no reduction of time in the over- 
all cycle and also that uniformity of heating as claimed by Benner is but 
that of heating "the different sides of a load placed in the heating 
chamber" (Benner, p. 4, col. 1, lines 11-12), rather than tempera- 
ture uniformity through the load (R 91). Even though the evidence 
before the Trial Court clearly established that there was no basis 
for reiterating such finding of the Board of Appeals, the Court in 
effect "rubber-stamped” the Board of Appeals' decision and completely 
disregarded the evidence. 


By the calculations set forth in Pl. Ex. 7(R 69, 69a, 69b), 
Holman conclusively demonstrated that there is no difference in the 
overall cycle time of Benner, whether the furnace is lined with silicon 
carbide or with ordinary insulating material (R 99). When high heat 
capacity material is used as a furnace lining, the furnace is preheated 
for 90 minutes while empty, and then the load may be heated in 10 
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minutes, making a total cycle time of 100 minutes. However, when 
ordinary insulating material is used, the furnace is preheated for 
only 10 minutes because the heat capacity of the insulating material 

is low, with the result that 90 minutes’ time is required for heating 
the load following the preheating period, and giving a total cycle time 
of 100 minutes, the same as in the case where the high heat capacity 
material was used (R98). While Benner did not specify the: preheating 
time, Holman's computations and conclusions are consistent with data 
given in the Benner patent (R 130). Thus, Benner using the high heat 
capacity material can actually use the furnace only 10 minutes out of 
every 100 minutes, and from the standpoint of furnace use it offers no 
advantage over the older technique where the cycle time was ‘dan 100 
minutes. 


The evidence in this case clearly establishes that the Dow Furnace 
does not require any preheating time between charges (R 134, 142) des- 
pite the effort of counsel for the defendant on cross examination to con- 
fuse preheating between charges, with the initial warming up of the 
furnace. Dow requires no idle preheating time between loads, as in 
Benner, because in Dow the heat absorbing material is recharged with 
heat during the latter part of the heating cycle (R 142, 145). In view of 
the foregoing, the finding by the Board and the Trial Court that Benner 
discloses that the use of high heat capacity material will shorten the 
heating cycle is not only unfounded, but actually contrary to the evidence. 


Likewise, the finding or inference that Benner teaches how to 
achieve uniformity of heating is wholly unsupported and contrary to the 
evidence (R 134). Holman agreed that Benner, using his technique of 
overheating during the preheating period, would wind up with a greater 
temperature spread between the outside and the inside of the load than 
would otherwise occur (R 104) and that Benner : 


", . . is going to overheat the outside surfaces; 
they are going to approach the temperature to | 
which he has pre-heated the furnace of 2600 
degrees very quickly after the load is inserted | 
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into the furnace, but at the end of ten minutes, 

it isn't conceivable that the center of this ingot 
will have heated to any appreciable extent, maybe 
on the order of three or four hundred degrees, 
where the outside is heated considerably beyond 
his desired temperature of 1800," (R91). 


Benner himself admits (p. 4, col. 1, line 10 et seq.) that the uniform 
temperature to which he refers is "on different sides of a load”. 


The Trial Court's Holding That the Claimed 
Invention Is Obvious Is Clearly Erroneous 
The findings of the Trial Court (those proposed by the defendant) 

to a great extent disregard the evidence before the Trial Court which 
was not available to the Patent Office when it considered the Dow 
application. While such findings do recognize that Dow's technique 
reduced the temperature gradient as the control temperature was 
reached ( Finding No. 2, R 147) and, in erroneously attributing to 
Benner shortening of the usual heating cycle ( Finding No. 3), give 
some recognition to Dow's claim to such effect, the findings otherwise 
completely fail to give any recognition one way or the other to the 
‘evidence adduced, and in effect merely "rubber-stamp" the Board of 
Appeals’ decision. 


While the presumption attached to the decision of the Patent 
Office places the burden of proof on the plaintiff, such decision is 
not sacrosanct, as the Trial Judge and the defendant appear to believe, 
and where as here the evidence before the Trial Court clearly 
established that the basis of the Patent Office decision was wrong, it 
was the Trial Court's duty to set aside such decision. 


The basis of the Patent Office decision, adopted by the Trial 
Court, was that "reduction of time in heating the metal articles and 
uniformity of heating, are fully described by Benner et al.", and 
that employing a fan to circulate the atmosphere within the furnace 
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“would merely accomplish the normal and expected function of such 
a device", and hence was obvious in view of Smith. 


The undisputed evidence (Pl. Ex. 7, R 69) established that the 
asserted reduction of time in heating the metal in Banner is a myth 
so far as furnace time and overall cycle time are concerned, for when 
Benner's preheating time is considered there is no gain (R 99) over 
a conventional radiant heating furnace. The "uniformity of heating” 
assertedly accomplished in Benner is but that of heating all sides of the 
load at one time (Benner, p. 4, col. 1, line 45), rather than temperature 
uniformity through the load (R 134). Benner's technique of overheating 
while preheating actually increases the temperature grad ient between 
the inside and the outside of the load (R 104). | 


Since the heating effects of convection heating on the load would 
be negligible in Benner (hence not the principal method of heating 
the load) because of the tremendous amount of heat imparted to the 
outside of the load by radiation (R 100), the use of a fan in Benner 
would have no appreciable effect on minimizing the tenperature 
gradient through the load (even if a load of loose pieces) and would be 
no improvement (R 101, 135). i 


Defendant's position appears to be predicated on the erroneous 
notion that convection heating as in Smith eliminades the temperature 
gradient through the load, whereas such is not the case. Smith 
recommended reversal of direction of the circulation as a technique 
for minimizing the temperature gradient inherent in convection heating, 
but the art has not found this expedient practical (R 112). ‘Tauber 
2, 686, 665 shows that Leeds & Northrup (assignee of Smith) in 1950 
was still concerned with the problem of the temperature gradient 
through the load in convection furnaces of the type shown in Smith, 
and there is no mention in Tauber of the reversal of circulation 
technique disclosed inSmith. If the use of high heat capacity mater ial 
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for minimizing the temperature gradient through the load ina 
convection heat treating furnace is as obvious as the defendant asserts, 
it is surprising indeed that Tauber makes no reference to the use of 
such material as a means for minimizing the temperature gradient 
through the load. 


Thus, defendant's suggestion of adding a fan to Benner would not 
minimize the temperature gradient (R 100) and in addition such a 
modification of Benner’s radiant heating furnace would still leave 
Benner's furnace highly undesirable because of (1) Benner's technique 
of greatly overheating the furnace during the preheating period, (2) 
the long idling of the furnace during the preheating period, and (3) the 
highly objectionable radiant heating of the work with its attendant 
overheating of the exposed surface of the load. There is no suggestion 
as to the desirability or possibility of eliminating these undesirable 
aspects of Benner, and any modification of Benner eliminating such 
aspects would be contrary to the teachings of Benner and defeat the 


very purpose of his teachings. Thus, any such modification of Benner 


cannot logically be said to be obvious. 


In order to achieve even his dubious "time saving", Benner 
found it necessary to greatly overheat (350° C.) the furnace during 
the long preheating period when the furnace is idling, and possibly 
to increase the heat input to the furnace. Considering the adverse 
effects of high temperature on the life of the furnace heating elements, 
Benner's technique of overheating is in sharp contrast to the result 
achieved by applicant in which the claimed concept permits operating the 
heating tubes at a temperature of 200° less than was possible theretofore-- 
a matter of significance in the life of the heaters (R 122). Nor is there 
any basis for assuming that without the long preheating period when the 
furnace is idling, Benner's use of high heat capacity material would 
provide any advantage! 
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The recognition accorded to Dow's “heat capacitor" in Lindberg 
Engineering Company's "Heat Treating Hints", Pl, Ex. 10, R 71-74 
(also ignored by the Trial Court) is highly persuasive that what Dow has 
done is far from obvious. 


The evidence in this case clearly shows that a modification of 
Benner in view of Smith (or vice versa) would not obviously: 


(1) reduce the temperature gradient through the load and 
achieve substantial uniformity of heat treatment of the articles; 


(2) shorten the overall time cycle of the furnace; and 


(3) make it possible to operate the heating tubes at a 
substantially lower average temperature, thereby nkendlsg, their 
useful life. 


The finding (No. 9) that claims 49-52 and 56 do not détine 
invention over Benner and Smith in view of Fitz Gerald or Kelleher is 
also contrary to the evidence. These claims include all of the features 
of claims 30-48 plus the tunnel arrangement of the high heat capacity 
material in which the heating tubes are arranged and through which the 
furnace atmosphere circulates. In Fitz Gerald and Kelleher the 
heating means are disposed in a separate chamber and there is no 
circulation of atmosphere through the separate chambers containing 
the heating elements because of the wall which separates the heating 
element chamber from the chamber containing the work. In Fitz 
Gerald and Kelleher the heating elements are isolated in a chamber 
from the furnace chamber atmosphere to prevent oxidation and/or 
deterioration of the heating elements. The major object of Kelleher's 
invention is to prevent deterioration of the heating elements by 
providing a protective inner lining for the refractories forming the 
walls of the resistor chamber (Kelleher, col. 1, line 21 et seq.). 

Fitz Gerald says that in his furnace the heating elements ! 
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"....are contained within a closed heat chamber that 

may be kept filled with a gas, vapor or fume of such 

kind or quality as will render the resistors immune to, 

or protected from, deterioration such as may be caused 

by oxygen of the air or gases arising from the material 

being treated. The material or articles to be treated 

are contained in a chamber adjacent to the heat chamber 

but separated therefrom..." ( Fitz Gerald, p. 1, col. 1, 

line 16 et seq.) 

Dow, on the other hand, arranges the high heat capacity material 
so as to provide tunnels in which the heating tubes are disposed and 
through which the furnace atmosphere circulates so that the large areas 
of high heat capacity material will be heated by radiation from the 
heating tubes and so that such large areas of high heat capacity material 
will be exposed to the circulating atmosphere to permit the transfer of 
heat previously absorbed by such high heat capacity material to the 


circulating atmosphere. 


Thus, there is absolutely no basis for the Court's holding that 
Kelleher or Fitz Gerald, whose heating element chambers are closed 
to the circulation of atmosphere therethrough, form an adequate basis 
for the rejection of claims 49-52 and 56 when taken with Smith and 
Benner. In addition, Smith and Benner do not form an adquate basis 
for the rejection of these claims for the reasons previously pointed out 
in connection with claims 30-48. 


In View of the Law Applicable to the Patentability 
of Method Claims, the Refusal of Such Claims Is 
Legally Unwarranted 


A well-recognized test for patentability of method claims was 
spelled out in Carnegie Steel v. Cambria Iron, 185 U.S. 423, wherein 
the Court said: 


Ff nso A process patent, such as that of Jones, is not 
anticipated by mechanism which might with slight 
alterations have been adapted to carry out that process, 
unless, at least, such use of it would have occurred to 
one whose duty it was to make practical use of the 
mechanism described. In other words, a process 


oF 
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patent can only be anticipated by a similar process. 
A mechanical patent is anticipated by a prior device 
of like construction and capable of performing the 
same function; but it is otherwise with a process 
patent. " 


To the same effect is Deppe et al v. General Motors, 15 F. 2a 419, 428. 


As stated by the Patent Office Board of Appeals in Ex part 
Mallory, 39 USPQ 503, 

"It is well settled that process claims cannot 

be anticipated by apparatus which is merely capable 

of carrying out the process. This is especially 

true where it is necessary to modify the apparatus 

in some way to adapt it for the purpose." 

Benner's apparatus obviously does not meet the method claims, 
nor would the suggested modification of Benner in view of Smith meet 
the method claimed. As the suggested modifications of Benner in view 
of Smith or vice versa would be contrary to the teachings of the 
references, we submit that the references cannot be modified asa 
proper basis for anticipating the method claims, particularly where as 
here the evidence shows that the advantages achieved by appiioant 
could not be achieved by any such modification. 


Dow's Combination of Old Elements Forming 

a Convection Heat Treating Furnace Having 

a New Modus Operandi and Which Produces 

New and Improved Results, Is Patentable 

In Great Atlantic & Pacific v. Supermarket, 340 U.S. 147, the 

Supreme Court recognized that a combination of old elements is 
patentable "when the whole in some way exceeds the sum of its parts". 
The new and improved results achieved by Dow meet such test. 


"With respect to the result produced, it is not essential 
that it be a wholly new result, but it is sufficient if an 
old result is effected in a more facile, economical, or 
efficient way." Oxnard v. Bradley (C.A. 9), 194 
F. 2d 655, 93 USPQ 126. 
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The decisions clearly demonstrate that improved performance 
in the operation of a machine, such as by turning out a better product 
or one which could not be made on prior machines, is in itself a new 
result in a patent sense and sufficient to sustain patentability even 
though the individual elements of the machine may be old. 


In Loom Co. v. Higgins, 105 U. S. 580, the Supreme Court, in 
sustaining a patent on a loom, and in holding that it was a new result 
in a patent sense to make a loom produce 50 yards a day when it had 
previously produced no more than 40, said: 


"It is further argued, however, that, supposing the 
devices to be sufficiently described, they do not show any 
invention; and that the combination set forth in the fifth 
claim is a mere aggregation of old devices, already well 
known; and therefore it is not patentable. This argument 
would be sound if the combination claimed by Webster was 
an obvious one for attaining the advantage proposed, 
--one which would occur to any mechanic skilled in the 
art. But it is plain from the evidence, and from the very 
fact that it was not sooner adopted and used, that it did 
not, for years, occur in this light to even the most 
skilful persons. It may have been under their very eyes, 
they may almost be said to have stumbled over it; but 
they certainly failed to see it, to estimate its value, 
and to bring it into notice. . . At this point we are 
constrained to say that we cannot yield our assent to the 
argument, that the combination of the different parts or 
elements for attaining the object in view was so obvious 
as to merit no title to invention. Now that it has 
succeeded, it may seem very plain to any one that he 
could have done it as well. This is often the case 
with inventions of the greatest merit. It may be laid 
down as a general rule, though perhaps not an invariable 
one, that if a new combination and arrangement of known 
elements produce a new and beneficial result, never 
attained before, it is evidence of invention." 


In Diamond Rubber Co. v. Consolidated Rubber Co., 220 U.S. 428, 
the Court sustained a patent on a combination of old elements in which 


the new result obtained by the patented device was a substantial 
improvement in performance, and stated: 
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"Knowledge after the event is always easy, and | 
problems once solved present no difficulties, indeed, 
may be represented as never having had any, and 
expert witnesses may be brought forward to show that 
the new thing which seemed to have eluded the search | 
of the world was always ready at hand and easy to be — 
seen by a merely skillful attention. But the law has © 
other tests of the invention than subtle conjectures of | 
what might have been seen and yet was not. It regards 
a change as evidence of novelty, the acceptance and | 
utility of change as a further evidence, even as 
demonstration. "' 


Greatly improved performance of a machine was also held to 
produce a new result sufficient to sustain a patent in Eibel Process Co. 
v. Minnesota & Ontario Paper Co., 261 U.S. 45, wherein the Court 
stated: 


"In administering the patent law the court first | 
looks into the art to find what the real merit of the 
alleged discovery or invention is and whether it has 
advanced the art substantially. [If it has done so, ! 
then the court is liberal in its construction of the | 
patent to secure to the inventor the reward he ! 
deserves." 


* * * * * 


| 

"The fact that the Eibel pitch [of an old element] 

has thus been generally adopted in the paper-making | 

business and that the daily product in paper making | 

has thus been increased at least twenty per cent over | 
that which had been achieved before Eibel is very : 
weighty evidence to sustain the presumption from his | 
patent that what he discovered and invented was new | 
and usef | 


More recently in Lincoln Stores, Inc. v. Nashua Mig. Co., 
(C.A. 1), 157 F.2d 154, 70 USPQ 254, in sustaining the Amory patent 
there involved, the Court reasserted the rule of patent law that a 
combination of elements may be patentable even though the elements 
are individually old if they are combined in such a way as to produce 
new and unexpected results. | 
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"But the fact that a new combination of old elements 
produces a new and beneficial result, hitherto 
unattained, merits consideration as evidence of 
invention. Loom Co. v. Higgins, 105 U.S. 580, 591. 


* * * * * * * 


"An inventor cannot be denied the rights derived from 
a patent merely because he has combined elements, 
all of which were known to the prior art, if he has 
produced something involving novelty and utility 

A finding of invention may be warranted where the 
patentee combines features, even though all of them 
are known to the prior art, which produce a new 
result, especially where that combination enjoys 
marked commercial success ry's 
combination produced a new result, although it may 
have been composed solely of known ingredients, and 
there is evidence that this result was not expected by 
the art. 


* * * * sd * * 


and a prior patent does not anticipate a 
subsequent patent where the prior patent failed to 
solve the problem which the subsequent patent solves 
successfully. Williams Iron Works Co. v. Hughes 
Tool Co., supra, at 506, 510 [44 USPQ at 327, 332]." 


In Dowless v. Hooks, 125 F. Supp. 96, 102 USPQ 386, the Court 
sustained a patent on an apparatus which provided a successful solution 


to a long standing problem, and stated: 


"A prior patent which fails to solve the problem 
toward which the inventor's efforts are directed does 
not anticipate a subsequent patent which successfully 
solves the problem and effectually accomplishes the 
desired result. Shotey v. Apex Broach Co., D. C. 
Mich. 1949, 83 F. Supp. 807, 81 USPQ 193. 


* x * * * M * 


"Marked improvement in the performance of a 
machine sustains a patent. The final step that 
consumates success is a patentable invention. 

Specialty Equipment and Machine Co. v. Zell Motor 
Car Company, 193 F. 2d 515, 520, 92 USPQ 84, 88-89, 
CCA 4--Opinion of Judge Parker. 
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"Patent which successfully accomplishes useful 2 
result is not void for anticipation of prior use because | 
of prior device, however similar in combination, or | 
close in resemblance to that of patent, where such 
device was not operative and failed to produce result 
sought, and which is produced by device of patent. 
Alexander Anderson, Inc. v. Eastman, D. C. Cal. 
1936, 16 F. Supp 5f3, 31 USPQ 110. 


* * * ea * oie aK 


"A patent for a device which fails to accomplish the 

desired end is not an anticipation of one for a device 

which successfully accomplishes it." | 

In Levin v. Coe, 76 App. D. C. 347, 132 F. 2d 589, 55 USPQ 224, 
this Court reversed the lower court and Patent Office findings and 
decreed issuance of a patent where the inventor was able to demonstrate 


greatly improved results in a composition and process, even though 
the individual elements thereof may have been old. In such case the 
Court stated: i 


satisfaction by a method or device of anold | 
and recognized want is highly persuasive of invention. 
The basis of that doctrine is that otherwise the mere | 
skill of the art would normally have been called into | 
action by the known want. The doctrine is authenticated 
by leading cases too numerous to mention. We cited: 
them in the two cases just referred to. Itisalso | 
settled in the law of patents that the fact that all of the 
elements entering into a combination are old does not: 
necessarily negative the existence of invention 
Such a combination may be patentable invention if it 
produces a new result, or an old result ina newor — 
more efficient way The fact that the combination 
later appears to be a simple one does not necessarily | 
negative the presence of a high degree of inventive | 
genius." 


In Evans v. Watson (June 21, 1956), 142 F. Supp. 225, 110 USPQ 
478, Judge Wilkin in holding that the use of a screw thread of 90° crest 
angle was patentable over the 60° crest angle in the prior art and 


allowing the claims there sought, where the evidence disclosed that the 
applicant has solved a problem which had long confronted the art, stated: 
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"The evidence was clear and convincing that the case 
met the requirements and was within the purview of 
the Patent Law; and that while the mechanical change 
was obvious, the effect was not." 


In McCashen v. Watson (decided April 5, 1955), 131 F. Supp. 
233, 106 USPQ 166, Judge Youngdahl, in allowing the claims there 
sought, stated: 


"This case is controlled by the very recent and well- 
reasoned opinion of Chief Judge Laws in the case of 
Torok v. Watson where it was stated, in accord with 
Congressional expression of the Constitutional provision, 
'* * * to promote the Progress of Science and useful 
Arts * * *', that the Patent Statute: 


'* * * should be construed in the light of 
its purpose to promote the welfare of 
society by encouraging and stimulating 
discovery and invention. The requirement 
of invention should be examined in the light 
of the contribution the product makes to the 
advancement of the arts and sciences. The 
statute itself makes no strict and narrow _ 
requirements of invention * * **. 
Emphasis ‘ 


"In line with this test, accepted and applied in the 
Torok case and announced in O'Rourke Engineering Const. 
Co. v. McMullen, we are firmly of the opinion that 
plaintiff's flour product has added something of value to 
the sum of human knowledge so that a return to prior art 
would be a retrogression; that the contribution is valuable 
to the health and economy of mankind, accomplishing a 
result never before attained; that it was brought about by 
great skill, keen perception and arduous research; that 
it differs from prior art in its form properties, | 
nutritive and economic qualities. We are satisfied 
that to deny plaintiff a patent on the claims would operate 
to 'discourage invention, stultify innovation and impede 
the progress of the art.' In short, the discovery as 
delineated and contained in plaintiff's claims does not 
appear to have been obvious from prior references, and 
the product itself solves a problem long outstanding, 
and so advances the art." 
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Similarly, in the present case, Dow has added something of 
value to the sum of human knowledge so that a return to the prior 
art would be a retrogression; the contribution of Dow is useful and 
valuable in the heat treating art and accomplishes a result never before 
attained. It differs substantially from the prior art, and the evidence 
shows that the apparatus and method claimed were not obvious from the 


prior references. 


CONCLUSION 


It is therefore submitted that the Judgment of the District Court 
should be reversed and a new judgment should be entered, holding 
the claims here involved patentable over the art of record. 7 
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therein a fan to circulate hot gas through the batch 
would have been obvious at the time the applicant 
Dow devised his furnace to a person having ordinary 
skill in the metal heat treatment art, and 


2. Whether it would be obvious, in view of prior 
art disclosures, to interpose a heat absorbing element 
between the appellant’s heating elements 28 and the 
work as shown in Figure 3 of the application drawings. 
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the appellant, Doris B. Dow, trustee, sought to have 
the Court authorize the Commissioner of Patents to 
issue a patent including claims 30 to 56 (App. 41 to 


* References to the 


Joint Appendix filed with the appellant’s brief are 
indicated ‘‘App. .”? ; 
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50) in application for patent (App. 5) Serial No. 
746,277, filed in the Patent Office by John A. Dow on 
May 6, 1947. The refusal of the patent by the Patent 
Office and the District Court was based upon the 
failure of claims 30 to 52 and 56 to define invention 
over prior disclosures in the furnace art. Claims 53, 
54 and 55 relate to a form of furnace which appellant 
has elected not to prosecute in this application and are 
not before the Court on their merits. 


THE APPLICATION DISCLOSURE 

The application before the Court discloses several 
furnaces which differ in some respects but have other 
features in common. The form of furnace shown in 
Figures 3 and 4 of the application drawings (App. 36) 
is described on pages 6 to 9 of appellant’s brief. As 
set forth in claim 40 in the application (App. 45), the 
furnace includes as essential components: a heating 


element, a heat absorbing element, and means to cir- 
culate the heated gas in the furnace over those ele- 
ments and through a batch of work. Claims 39 to 52 
and 56 are directed to the furnace. Claims 30 to 38, 
directed to a method of heat treating batches of metal 
pieces, set forth the way in which the furnace operates. 


THE PRIOR ART 

The principal reference, the patent to Benner et al., 
No. 1,997,622 (a copy of which will be found at the 
end of the Joint Appendix), discloses a heat treat- 
ing furnace having electric resistance heating ele- 
ments 1 and a lining of heat absorbing material 6. 
Benner et al. assert (page 2 of patent specification, 
column 1, lines 31 to 54) that, by incorporating in 
their furnace a thick lining of heat absorbing material, 
they achieve several advantages over conventional 
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furnaces: (1) a substantial reduction in the time re- 
quired for heating a charge, (2) a doubling of the 
power input to the furnace, (3) a more uniform appli- 
cation of heat to the charge and (4) the maintenance 
of an even temperature throughout the furnace. Al- 
though the Benner et al. specification, for the most 
part, refers broadly to the material treated as a 
‘“‘charge”’ or ‘‘ware’’, it does mention a six-inch thick 
ceramic plaque as exemplary of such material (see 
page 4 of patent, column 1, lines 32 to 34). The claims 
of the patent are not limited to any particular form 
of charge. 

The Smith patent No. 1,721,840 (next to last paper 
in the Joint Appendix) discloses an electric furnace 
for heat treating a batch of metallic objects. The ob- 
jects are supported in the furnace in a removable 
basket which has a cylindrical wall 28 and which is 
open at both ends. The lower end of the basket is pro- 
vided with a spider 31 to support the articles to be 
treated. In order to avoid excessive radiant heating 
of the charge by heating elements 21 and 22, Smith 
provides a shell 27 which, in conjunction with the 
wall 28 of the basket, intercepts the radiant heat. 

The teaching of Smith crucial to this appeal is his 
disclosure that, to obtain ‘‘greater uniformity of tem- 
perature of the work or contents of the basket 28”’ 
(page 2, column 2, lines 91 to 94 of patent), hot gases 
are circulated through the furnace and through the 
basket by means of a fan 39, thereby maintaining ‘‘the 
temperature rise more uniform throughout the basket 
and its contents’”’ (page 2, column 2, lines 73 to 76). 

The patents to Kelleher No. 1,637,486 and Fitz 
Gerald No. 1,646,058 were cited to show a feature which 
is subsidiary to the principal issue. In Figures 3 and 
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4 of the Dow application (App. 36) a part of the heat 
absorbing element 34 is disposed between the heating 
element 28 and the charge 18. This is in contrast with 
the structure shown in Figures 1 and 2 (App. 35) 
where the work holders are exposed directly to heat 
from the heating elements. 

Kelleher and Fitz Gerald were cited to show that it 
is old to interpose a heat absorbing and conducting 
shield between the work and the heating element. 
Kelleher shows a furnace wherein the heating element 
3 is separated from the work heating chamber by a 
heat conductive partition 10 of silicon carbide. Fitz 
Gerald similarly shows in Figure 3 a work heating 
chamber H separated from heat producing element 5 
by heat-transferring septum 20. 


SUMMARY OF ARGUMENT 


The ultimate question as to the broader apparatus 
claims (claims 39 to 48) is whether it would be unob- 
vious to extend the use of the Benner et al. furnace 
to the treatment of a batch of small articles. 

Benner et al. disclose attributes of their furnace 
which would be of advantage whether the charge was 
a single piece or a batch of small pieces. The sugges- 
tion that the reference furnace be modified for exten- 
sion to the new use thus stems from the prior art, 
independently from appellant’s disclosure. 

The art would recognize that convection heating is 
necessary in the treatment of a batch of articles and 
the Smith patent would suggest the addition of a fan 
to the Benner et al. furnace for this purpose. 

The appellant’s criticism of the unmodified Benner 
et al. furnace does not relate to the issue before the 
Court. 
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Appellant’s criticism of the Benner et al. furnace 
is without merit. It is based on a mistaken assump- 
tion that a test described by Benner et al. is character- 
istic of the normal operation of the furnace. Benner 
et al. obviously shorten the heating cycle by taking 
advantage, in the same way as Dow, of heat stored in 
the furnace for partially heating the next charge. Ap- 
pellant’s calculations, based on the Benner et al. test, 
demonstrate only that which is self-evident. 

Smith’s warning against the use of heat storage 
material does not support the appellant’s position. 
Benner et al. indicate that Smith was mistaken as to 
the effect of heat absorbing material. 

Appellant’s objections to the provision of a fan 
in the Benner et al. furnace depend on the assumption 
that the reference furnace, as modified, would be used 
to treat a single ingot by direct exposure to radiant 
heat. The modification of Benner et al. proposed by 
the District Court does not warrant such an assump- 
tion. Insofar as the appellant’s claims are concerned, 
his work could be exposed to direct radiation. 

The method claims define only the operation of the 
furnace set forth in the apparatus claims or the result 
achieved thereby. The method claims present no issue 
of patentability distinct from the apparatus claims. 

The interposition of a part of the heat absorbing 
material between the work and the heater would be 
obvious in view of the Kelleher and Fitz Gerald pat- 
ents. Claims 49 to 52 and 56 do not support appel- 
lant’s argument as to the creation of a tunnel for the 
passage of gases. 
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ARGUMENT 
The Issue as to Claims 39 to 48 


The principal question in this case is that which is 
posed by claims 30 to 48. Claim 40, which may be con- 
sidered typical of the apparatus claims, reads as fol- 
lows: 


“‘A batch type heat treating furnace compris- 
‘ing a heat insulated enclosure providing a cham- 
ber, means for supporting a batch of pieces of 
‘work in said chamber so as to permit the circula- 
‘tion of a gaseous heating medium through said 
batch of work, a heating element and a heat ab- 
sorbing element disposed in said chamber, said 
heating element being adapted to heat said heat 
absorbing element by the radiation of heat there- 
upon, a gaseous circulating medium confined with- 
in said chamber for transferring heat by convec- 
tion from said heating element and said heat ab- 
sorbing element to said work, means for effecting 
the forced recirculation of said medium in a pre- 
determined path over said heat absorbing element 
‘and said heating element when the latter is opera- 
tive and through said batch of work, said heat 
absorbing element having a capacity for absorb- 
ing heat from said heating element and for trans- 
ferring heat to said circulating medium great 
enough to provide a minimum temperature gradi- 
ent in said batch of work when said work reaches 
control temperature.”’ 


In summary, the claim calls for a furnace having 
four elements: 


(a) a means for supporting a batch of pieces of 
work so as to permit the circulation of hot gases 
through the batch, 


(b) a heating element, 
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(c) a heat absorbing element of substantial ca- 
pacity to which heat is radiated by the heating 
element, and 


(d) a means to circulate air over the heating ele- 
ment and the heat absorber, and through the 
batch of work pieces. 


Of these elements, the Benner et al. furnace in- 
disputably anticipates (b) and (c), that is, the heating 
element and the heat absorber receiving heat there- 
from. Benner et al. suggest that certain definite ad- 
vantages flow from this combination, as set forth in 
the patent on page 2, column 1, beginning at line 31. 

Benner et al. do not expressly suggest that their 
furnace be modified for use in treating batches of 
small objects as called for in elements (a) and (d) in 
the above analysis of claim 40. The ultimate question 
in the case, accordingly, is whether such use of the 
Benner et al. furnace would have been unobvious to 
those skilled in the heat treatment art. 


THE THEORY OF THE REJECTION 


The answer to the question thus posed is not fur- 
nished, as appellant seems to assume (Brief, page 32) 
by the fact that ‘‘The Benner patent does not disclose 
that there is any utility for his furnace in connection 
with heating a batch of pieces of work * * *.”” On the 
contrary it is axiomatic that ‘“‘A prior art patent is 
a good reference not only for what it discloses by way 
of direct anticipation but also for what it suggests 
that is not patentably distinct therefrom to any per- 
son skilled in the art’’, In re Lundberg et al.,39 CCPA 
971, 197 F. 2d 336. 
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The fundamental question is whether one normally 
skilled in the art, upon reading the Benner et al. pat- 
ent, would be prompted to adapt the Benner et al. 
furnace to batch treatment. The answer would seem 
to depend on whether any advantage achieved by 
Benner et al. in treating one-piece ware might also 
reasonably be expected in the treatment of a batch of 
small articles. If any such advantage does appear in 
the Benner et al. disclosure, the prior art itself fur- 
nishes the suggestion for its adaptation to the new use. 

It is true, as appellant contends (Brief, page 32), 
that some of the advantages claimed for the Benner 
et al. furnace would afford no benefit in the heating of 
batches of articles. For example, applying radiant 
heat ‘‘uniformly to all parts of the charge’’ (page 2, 
column 1, lines 46 to 48), may offer no advantage in 
batch treatment. 

It is not true, however, that ‘‘Benner’s whole con- 
cept of heating is based solely”’ on direct and uniform 
radiant heating of the work, as appellant contends at 
the bottom of page 32 of her brief. Another result 
given equal, if not greater emphasis is that described 
in the patent beginning at line 35 in column 1 of page 2. 

In there asserting that the use of heat storage mate- 
rial would permit doubling of the power input to their 
furnace, and the transferring of the additional heat 
to successive charges, Benner et al. would seem to 
point to a result which would be beneficial in heat 
treating charges of any size or shape. If, by the use 
of a heat storage element, energy can be supplied to 
the furnace at a doubled rate without injury to the 
heating element, the patentees have contributed a sug- 
gestion of value to the furnace art generally. 
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It would seem reasonable to expect that heat treat- 
ment engineers would, as a routine matter, attempt 
to extend that aspect of the Benner et al. teaching to 
the treatment of articles of other types. No reason is 
seen why a researcher of ordinary skill, seeking a 
better and quicker way to heat treat a batch of small 
objects, for example, would not find, in Benner et al, 
a positive suggestion that the heat storage principle 
should be adapted, if possible. 

The engineer would recognize, of course, that the 
Benner et al. furnace, unchanged, would not be adapted 
for such use. This, and nothing more is the import 
of the witness’ testimony on page 102 of the Joint 
Appendix, referred to on page 32 of appellant’s Brief. 

It was known in the art, as shown in the Smith pat- 
ent, that ‘‘heating effects due to radiant heat should 
be minimized’’ (page 2, column 2, lines 108 to 112) 
by the use of shields, such as the wall of the container 
for the batch (see Smith, page 2, column 2, lines 99 to 
105). It was also commonly recognized in the art that, 
to avoid overtreating the outermost of the objects in 
the batch, at the expense of those in the center, some 
means to force hot gas through the batch must be pro- 
vided. Smith suggests as much (page 2, column 2, 
lines 73 to 77; same column, lines 91 to 98). The appel- 
lant’s witness testified, moreover, that the art gener- 
ally attempted to achieve a minimum temperature 
gradient (app. 140) and that a recognized expedient 
for the purpose was to provide for forced circulation 
of gas through the charge (app. 135, 136). 

In altering the Benner et al. furnace to provide for 
convection heating of a charge by forced circulation 
of gas, one would, therefore, be merely taking the pre- 
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cautions which those in the art knew would be neces- 
sary in the treatment of batches of work. 

Following this reasoning the Patent Office concluded, 
and the District Court agreed, that Dow’s adaptation 
of the Benner et al. furnace to the treatment of batch 
work was not beyond the skill of the art. In accord- 
ance with accepted authority the appellant can prevail 
only by showing where that reasoning fails. ‘‘The 
judicial function is exhausted when there is found to 
be a rational basis for the conclusions approved by the 
administrative body,’’ Mississippi Valley Barge Line 
Co. v. United States, 229 U.S. 282, 286, 287, which 
is quoted by this Court in Abbott et al. v. Coe, 71 App. 
D. C. 195, 109 F. 2d 449. 

The objections raised by the appellant fall short of 
that goal, it is submitted, either in having no direct 
bearing on the issue or in lacking basis in fact. 


THE OBJECTIONS RAISED BY APPELLANT DO NOT 
POINT TO ERROR IN THE DISTRICT COURT DECISION 

Appellant’s grounds for urging error in the District 
Court decision fall into two groups, those relating to 
professed individual defects in the Benner et al. or 
Smith furnaces and those relating to alleged impro- 
priety in combining the cited disclosures. 

Admitting that both the Benner et al. and the Smith 
furnace may be inferior to appellant’s for the treat- 
ment of a batch of articles, mere improvement does 
not spell patentability. The question is, rather, whether 
the improvement was achieved by an obvious or an 
unobvious step forward from what was known, Stand- 
ard Oil v. Marzall, 86 U.S. App. D.C. 210, 181 F. 2d 
280. Appellant’s criticism of the Benner et al. opera- 
tion (Appellant’s Brief, pages 12, 13, 14, 34, 35, 36), 
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even if justified (which it is not, as shown below), 
would seem to have no pertinency to the actual issue. 

Even for whatever slight bearing it might have on 
the ease, it seems clear that appellant’s criticism of 
the Benner et al. furnace is unjustified. The calcu- 
lations upon which appellant bases the conclusion that 
Benner et al. achieve no gain in the heating cycle are 
derived from test results set forth in column 2 of page 
3 of the patent. Benner et al. there describe tests of 
furnaces of differing types of walls to determine which 
would transfer heat to the work most quickly. This 
description relates to a series of test runs only and was 
not intended to indicate how the furnace would nor- 
mally operate with successive batches. 

To arrive at the conclusion that there would be no 
gain in the total heating cycle, appellant must assume 
that the charge absorbs all of the heat stored in the lin- 
ing and none remains for use in the next heating 
period. Such a conclusion, of course, finds no support 
in the Benner et al. disclosure and is contrary to com- 
mon sense. Likewise, it is not reasonable, as the only 
other alternative, that Benner et al. would deliberately 
wait until the furnace had completely cooled before 
starting another heating cycle and thereby waste use- 
ful heat stored in the furnace lining. 

Appellant’s calculations (Appellant’s Brief, pages 
12, 18, 14) based on the Benner et al. tests serve to 
prove only that which should be self-evident. If it be 
assumed that the heat loss is the same for all the 
furnaces tested, and the rate of heat input is the same, 
both of which assumptions are made by the appellant, 
it is simply a matter of logic that the time for impart- 
ing a given amount of heat to an ingot would likewise 
be the same, no matter what type of furnace walls is 
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employed. Such a conclusion is obvious without the 
need of calculation. 

In actual operation, the Benner et al. lining 6, after 
giving up a large part of its stored heat to the charge, 
would receive and store heat during the last part of 
the heating period, just as does appellant’s heat ab- 
sorber. Such action would be inherent in the Benner 
et al. operation, as described on page 3 of the patent, 
eolumn 1, lines 51 to 57. Appellant’s criticism of the 
reference furnace is believed, therefore, to be unjusti- 
fied. 


APPELLANT'S OBJECTIONS TO THE MODIFICATION OF 
THE BENNER ET AL. FURNACE ARE WITHOUT 
SUBSTANCE 


Smith’s expressed warning against the use of high 
capacity material in his furnace, relied on heavily by 
the appellant (Appellant’s Brief, page 29), is believed 


to furnish no ground for questioning the District Court 
reasoning. Not having the benefit of the later teach- 
ing of Benner et al., Smith failed to recognize that a 
lining of high heat capacity would actually help pre- 
vent overheating, rather than cause it. Any state- 
ment by Smith contrary to the suggested modification 
of Benner et al. would seem to be overcome by the 
teaching in the later patent that ‘‘The power input 
can be doubled and the additional heat transferred to 
successive charges without overheating the furnace 
* * *? (page 2, column 1, lines 35 to 38). 

Nothing contrary to the District Court’s reasoning 
can be inferred from the failure of the art, as exempli- 
fied, for example, by the Tauber patent (see Appel- 
lant’s Brief pages 37 and 38), to show the proposed 
modification of Benner et al. Such inference could be 
drawn only upon a showing that the Benner et al. 
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patent was widely known in the art. The record af- 
firmatively shows that such was not the case. (App. 
137). 

Appellant’s contention (Appellant’s Brief, begin- 
ning at the bottom of page 30) that the addition of a 
fan to Benner et al. ‘would appear ridiculous to those 
skilled in the art’”’ is based on the assumption that 
Benner et al. must be limited to radiant heating and 
to the treatment of a one-piece ingot. The issue to be 
decided, however, is whether it would be inventive to 
adapt the reference furnace to batch treatment by con- 
vection. The structure on which the objection is based 
is not that which the District Court proposed in its 
decision. 

There is no support, moreover, for the appellant’s 
objection that Benner et al. provide nothing to screen 
the work from excessive heating by direct radiation. 
The walls of the container supplied to support a batch 
in Benner et al. would furnish such a screen. 

Dow’s application discloses no additional screen and 
the claims call for none at all. 


THE METHOD CLAIMS DEFINE NOTHING PATENTABLE 


The method claims (claims 30 to 38, app. 41 to 45) 
are believed to present no issue of patentability dis- 
tinct from that presented by the apparatus. claims. 

The Board of Appeals suggested (App. 56) that the 
method claims appear to depend primarily on the re- 
sults achieved by appellant’s apparatus. It is believed 
that consideration of a typical method claim will con- 
firm the accuracy of this conclusion. Claim 30 reads 
as follows: 


‘A method of heat treating a batch of pieces of 
work in a confined atmospheric medium of a batch 
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type furnace in which heating means are exposed 
to said medium for heating the same and which 
‘method comprises arranging a batch of pieces of 
work in said atmospheric medium to absorb heat 
therefrom, then transferring heat to said work at 
a relatively high rate by recirculating said medium 
in a predetermined path over said heating means 
and through said batch of work, and then reduc- 
ing the rate at which heat is transferred from said 
heating means to said batch of work; said method 
involving the heat transfer to said batch of work 
at such rate that the rate of heating said batch of 
work is great enough to produce a relatively 
large temperature gradient in the batch of work 
- during the first part of the work heating cycle, and 
low enough during the latter part of the work 
heating cycle to decrease the temperature gradient 
in said batch of work until the control tempera- 
ture of said batch of work is approached.”’ 


Benner et al. teach the expedient of transferring 
heat to the work at a high rate at the start of the 
heating period (page 2, column 1, lines 55 to 59) and 
such rate of heat transfer would inevitably drop, as 
specified in the claim, when the charge temperature 
approaches that of the heating means. The remainder 
of the claim seems to call for nothing more than that 
which would be the inherent result of providing Benner 
et al. with a gas circulating means. As indicated above, 
the prior art suggests the addition of this means as a 
logical extension of the Benner et al. teaching. 

The Benner et al. furnace, if provided with a fan, 
seemingly must operate in the manner described in the 
method claims. Those claims, accordingly, present no 
different issue than the apparatus claims and the 
statement quoted (Appellant’s Brief, pages 40, 41) 
from Carnegie Steel v. Cambria Iron, 185 US. 423, is 
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believed inappropriate to the facts. More pertinent 
language is that used by this Court in In re Harris, 
37 App. D.C. 374: 


“That the entire process of applicant is not 
anticipated in a single reference is unimportant. 
It is sufficient if his several steps be found in dif- 
ferent patents.”’ 


Similar appropriate holdings will be found in 
Nizon et al. v. Marzall, 87 U.S. App. D.C. 415, In re 
Lambert et al., 41 CCPA 875, 212 F. 2d 594, In re 
Larkin, 38 CCPA 896, 187 F. 2d 645. Of particular 
pertinence is the statement in In re Kepler, 30 CCPA 
726, 132 F. 2d 130: 


‘‘A patent should not be granted for appellant’s 
discovery of a result that would flow naturally 
from the teachings of the prior art.”’ 


CLAIMS 49 TO 52 AND 56 PRESENT NOTHING OF A 
PATENTABLE NATURE OVER THE OTHER APPARA- 
TUS CLAIMS 

Claims 49 to 52 and 56 define the structure of Fig. 

3 in appellant’s drawings (App. 36) wherein a part of 

the heat absorber 34 is arranged both inwardly and 

outwardly of the heating tubes 28. Appellant’s device 
shown in Figure 1 includes no such arrangement. 

As a reason for allowing these claims separate from 
the broad issue of patentability over Benner et al., 
appellant’s brief on pages 39 and 40 urges that addi- 
tional areas are thereby provided for absorption of 
heat, and a tunnel is created for the passage of the cir- 
culating medium. 

Fitz Gerald and Kelleher, as previously suggested, 
show their heating elements surrounded by heat ab- 
sorbing walls of silicon carbide. Thus, if a suggestion 
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were needed of such an obvious way to create addi- 
tional areas for heat absorption, it is found in the art. 

Appellant’s argument on the basis of ‘‘tunnels”’’ 
formed by the heat absorbers is supported by Figure 3 
of the application drawings. Contrary to the sug- 
gestion on page 39 of her brief, no such support can 
be found in the claims. No one of claims 49 to 52 and 
56 uses the word ‘‘tunnel’’ or recites structure which 
would necessarily result in one. Thus, even if pat- 
entability could be based on that feature, this sein 
not lead to the allowance of the claims. 


CONCLUSION 
For the reasons given, it is submitted that claims 
30 to 48 call for nothing more than a logical extension 
of the Benner et al. heat storage principle to the batch 
treatment art and that Smith would teach the struc- 


tural modification required by that extension. 

Claims 49 to 52 and 56 add an obvious detail which, 
in any event, would be suggested by the patents to Fitz 
Gerald and Kelleher. 

The record, therefore, fails to show error on the 
part of the District Court and its decision in this case 
should be affirmed. 


Respectfully submitted, 
CLARENCE W. Moore, 
Solicitor, 
United States Patent Office, 
Attorney for Appellee. 
S. Wa. CocHRaNn, 
Of Counsel. 
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No. 13,758 


DORIS B. DOW, Trustee, 
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¥. 
ROBERT C. WATSON, 
Commissioner of Patents, 
Appellee 


APPEAL FROM THE UNITED STATES DISTRIC COURT 
FOR THE DISTRICT OF COLUMBIA 


APPELLANT'S REPLY BRIEF 


A suit under Title 35, Section 145, against the Commissioner of 
Patents to obtain a patent is a de novo proceeding. In this case 
material uncontradicted evidence adduced by Dow before the trial court 
(and which was not before the Patent Office) establishes that the basis 
of the Patent Office decision is erroneous. The trial court, greatly 
impressed with the "presumptive correctness" of the Patent Office de- 
cision, largely ignored the evidence, "rubber stamped" the Patent 
Office decision, and entered crucial findings, particularly Nos. 3 and 
7, which are contrary to the evidence. However, as held by Circuit 
Judge Miller of this court in Stradar et al v. Watson, (decided May 13, 
1957), 113 USPQ 365, in a similar situation where plaintiffs introduced 


material, uncontradicted evidence, which was not presented to the 
Patent Office: | ! 
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".....the District Court was not controlled by the 
presumption of correctness which attaches to 
Patent Office action, but was free to reach its own * 
conclusion on the basis of the fuller information 
which was before it." 
By now asserting that appellant cannot prevail here if "there is m 
found to be a rational basis for the conclusions approved" by the Patent 
Office , defendant perforce admits the errors in the trial court's findings ” 
(which he persuaded the trial court to adopt) and now seeks to find a 
"rational basis"* for the Patent Office's decision. As we will show, 
defendant's current attempt to rationalize the Patent Office decision is 
based upon a misconception of the evidence and a superficial treatment 
of the disclosure of Benner--a crucial reference. . | 


Thus defendant erroneously asserts (D B 4 and 7) the ultimate { 
question (as to the broader claims) to be--"whether it would be unobvious l 
to extend THE USE of Benner's furnace to the treatment of a batch of 
small articles." --thereby implying that appellant is seeking to patent 3 
merely a new use of Benner's radiant heating furnace--whereas Dow's : 
convection furnace is novel, and defendant concedes (D B 9) "that 
Benner's furnace unchanged would not be adapted for such use". 


The Dow heat treating furnace as defined in the claims is 
essentially a convection furnace in which means are provided for 
supporting a batch of pieces of work to be heat treated in the furnace 
chamber so as to force the furnace gas to circulate through the batch . 
of work for heating the same, a fan being provided for effecting such 
circulation. Dow's furnace further includes heating tubes and heat 
absorbing material, heated by radiation from the heating tubes. The 


fan circulates the furnace atmosphere over the heating tubes and the “1 
heat absorbing material, and then through the batch so that the work is rs 
heated by convection as distinguised from radiant heating as in Benner. “ 


~~ és. ~ > 
After a batch of work is processed in the furnace éfauiber, the furnace 


< 


* Emphasis added unless otherwise indicated. 
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will, because of the invention here involved, be up to its operating tem- 


perature and ready immediately to receive another batch (R pe) without 


any preheating interval, as in Benner. 


While the claims do not in terms specifically recite that the work 
is shielded from heating by radiation, they do specify that the gaseous 
circulating medium in the furnace transfers heat by convection from the 
heaters and heat absorbing elements to the work, and that the heat ab- 
sorbing element has a certain capacity with respect to the charge for 
transferring heat to the circulating medium, thus clearly indicating 
that in Dow's furnace the heating is essentially by convection as 
clearly disclosed in the Dow application. Method claims 30-38 
specifically recite a method of transferring heat by convection (circu- 
lating the furnace atmosphere through the batch). Claim 49 specifies 
that the walls of the heat absorbing element are disposed with respect 
to the work both inwardly and outwardly of the heating units; claims 50 
and 56 specify that the heat absorbing element forms walled enclosures 
about each of the heaters; and claims 51, 54, and 55 specify that the 
wall or walls of the heat absorbing element are disposed between the 
heating units and the work. Thus, in addition to clearly indicating in 
all of the claims that the work is heated essentially by convection, 
claims 49-52 and 54-56 specify structure which clearly excludes ex- 
posure of the work to direct radiation. Thus the remark, (DB 5, par. 3) 
that work in applicant's furnace could be exposed to direct radiation, 
does not fairly reflect the claimed invention in which heating of the 
work by direct radiation forms no part! 


DOW'S NOVEL CONVECTION HEATING FURNACE 
ACHIEVES GREATLY IMPROVED RESULTS 


In Dow, because of the heat stored in the heat absorbing material, 
the batch is heated by convection very quickly at the first part of the 
heating cycle due to the heat added to the circulating furnace atmos- 
phere from the heat absorbing material. After a substantial amount of 





t 
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the heat has been removed from the heat absorbing material by the 
circulating atmosphere, such material acts as a sort of brake on the 
heating of the load and slows down the heat when the top of the load 
approaches control temperature, thereby reducing the temperature 
gradient through the load and thus promoting greater uniformity in the 
work (R 84 and 116). After the first part of the heating cycle, when the 
high heat capacity material gives off heat to the furnace gas, such 
material absorbs heat from the heating tubes, thus reducing the amount 
of heat available for heating the load, and the heat so absorbed by the 
high heat capacity material thus recharges it so that the furnace will 

be ready for the next batch to be inserted immediately upon the removal 
of the batch in the furnace. "There is no time loss for reheating these 
walls". (R117). 


As shown by the evidence, Dow's claimed techniques have sub- 
stantially advanced the art: 


(A) By substantially reducing the temperature gradient 
through the work being processed, thereby achieving substantial and 
uniform heat treating results; 


(B) By substantially reducing the overall time for process- 
ing each batch due to reducing the time required to equalize the temp- 
erature of the load at control temperature, thereby materially increas- 
ing the output of the furnace; and 


(C) By substantially reducing the average operating temp- 
erature of the heating tubes, thereby increasing their useful life. 
THE BENNER ET AL FURNACE CANNOT ACHIEVE 
DOW'S NOVEL AND IMPROVED RESULTS 

Benner's furnace, on the other hand, is a radiant heating furnace 
in which the work is heated by radiation and conduction, and there is no 
showing that Benner's furnace achieves any of the new results achieved 
by the claimed Dow furnace. In fact, we have shown the contrary. 


Benner prefers to preheat and overheat (p. 3, col. 1, line 58 et seq.) 
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his furnace for "the rapid heating of intermittent charges" (p. 4, col. 
1, line 9). | 

While Benner makes some mention of operation, "Even when the 
furnace is not charged intermittently" (p. 2, col. 1, line 49) -- as 
“under the most severe conditions which occur when both the load and 
the furnace are heated simultaneously from a cold start" (p. 4, ol. i, 
line 13), it is clear that under such conditions when no preheating 
occurs, the entire heat for the lining, as well as for the load, must 
come simultaneously from the heating elements. Under such conditions 
it obviously would take longer to heat the load and the high heat con- 
ductivity lining to 1000° C than the 90 minutes required in the test 
(p. 3, col. 2) of Benner where the load alone is heated under much 
more favorable conditions in a furnace with ordinary insulation pre- 
heated to 1350° C. : 


If we assume that Benner's furnace using the high heat capacity 
lining is charged with a load (equal to that used in the tests described 
on page 3, col. 2) immediately after a heated load is removed from the 
furnace, but without any preheating interval, then such load possibly 
could be heated in less than the 90 minutes above mentioned by absorb- 
ing some heat from the lining, and the time required under such con- 
dition would depend on the temperature and amount of heat stored in 
the lining. But with such a mode of operation the heat stored in 
Benner's lining would soon be exhausted or spent, and the high heat 
capacity lining would soon be at a temperature where it, as well as the 
load, would have to be heated by the heating elements alone when the 
charge was in the furnace. | 


Without preheating Benner does not claim, and cannot get, rapid 
heating of the load, and the only asserted advantages then of Benner's 
furnace when the furnace is not charged intermittently are more uni- 
form lining temperatures (p. 2, col. 1, line 49) and "more uniform 
temperature on the different sides of the load" (p. 4, col. 1, line 11). 


Thus the possible alternative mode of operation recognized by Benner , 
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although confused by Defendant with Benner's preferred mode of opera- 
tion, may be disregarded here as it is even less relevant than Benner's 
furnace operated in accordance with his preferred method. 


DEFENDANT HAS MISCONSTRUED THE PLAIN 
TEACHINGS OF BENNER AND HAS IGNORED 
THE UNDISPUTED EVIDENCE AND FINDINGS 

RELATING TO OPERATION OF BENNER'S FURNACE 


Defendant erroneously asserts (D B 5 and 11) that the tests des- 
cribed by Benner (p. 3, col. 2)--in which his radiant furnace was 
allowed to run empty until a temperature of 1350° C was attained--is 
not characteristic of the normal operation of Benner. However, 
Benner states: 

"In operating our furnace we prefer to raise the temp- 
erature of the heating chamber while it is still empty 


to a value in excess of that to which it is desired to 
heat the load which is to be placed therein." (p. 3, 


col. 1, lines 58-62) * * * "After the desired preheat 


temperature has been reached, the load is inserted in 
the heating chamber."" (p. 3, col. 1, line 64 et seq.) 


* a * * x xe cs 


"One of the chief advantages of our furnace is the re- 
tention of useful heat during idle periods, and the almost 
immediate transfer of this heat to the cold charge when 

the latter is inserted in the furnace. In order to make 
such a method of operation effective, it is desirable to 
operate the furnace at a continuously high power input, and 
and to proportion the lining so that this excess heat 

will be absorbed into the lining during the average idle 
period without overheating the furnace." (p. 2, col. I, 


lines 55-65.) 

Defendant uses such erroneous assertion as a premise for the 
further erroneous and unsupported assertion (D B 5) that Benner "ob- 
viously shortens the heating cycle by taking advantage, in the same way 
as Dow, of heat stored in the furnace for partially heating the next 
charge"; and, as a basis for ignoring the hard fact--shown by plaintiff's 
calculations (P Ex. 7) based on such tests--that when the preheating 
time of Benner is considered, there is absolutely no gain achieved by 
Benner in the overall cycle time. 


ni 
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Defendant while conceding that appellant's calculations (P Ex. 7) 
based on such tests of Benner, "demonstrate only that which is self- 
evident" (D B 5, 11), erroneously asserts that: "To arrive ‘at the 
conclusion that there would be no gain in the total heating cycle" [ of 
Benner, as demonstrated by P Ex 7], "appellant must assume that the 
charge absorbed all of the heat stored in the lining and none remains for 
use in the next heating period". (D B11) Clearly, the writer of de- 
fendant's brief has completely overlooked the testimony ing 98 and 145) 
concerning such calculations, where Holman states: 

",.....we find the length of time it takes to preheat the 
lining from 1000° to 1350°, * * * In the case of silicon 
carbide lining becomes 90.2 minutes." 
Plaintiff's calculations (Ex. 7) also state (R 69a), referring to the heat 
supplied by the silicon carbide lining to the load: | 


"This heat must be added to the lining during the pre- 
heating from 1000° to 1350° C." | 
The trial court in its Finding No. 3 (R 147) found that in Benner's 
furnace | 

"During idle periods the capacitors [high heat sims 
lining 6] store heat radiated by the heating elements 
for transfer of heat at a high rate to cold work maeed 
in the furnace.", 


thus recognizing Benner's preferred technique of preheating the furnace 


when empty and the heating of intermittent charges as the normal op- 
eration of Benner. Yet, defendant now ignores Benner's normal and 
preferred technique of preheating, and by referring to "successive 
charges" (D B 8 and 11), and by asserting that Benner stores heat in 
the lining during the last part of the charge heating period (D B 12), 
asserts a picture of Benner's furnace inconsistent with the trial 
court's Finding No. 3 and the facts, and contrary to Benner's pre- 
ferred method of operation. ! 
Defendant's assertion that Benner achieves "a substantial reduc- 
tion in the time required for heating a charge" (D B 3), is thus but a 





8 


half-truth for there is no gain in Benner's overall heating cycle because 
of the preheating time required. (R 99) See also Pl. Ex. 7 which 
demonstrates that the total cycle time for preheating and for heating 
the load when silicon carbide lining is used, or when ordinary lining is 
used, is 100 minutes in both cases. Defendant concedes (D B 5 and 11) 
that such calculations "demonstrate only that which is self-evident". 


Defendant's assertion that Benner achieves ''a doubling of the 
power input to the furnace" (D B 3) is deceptive and beside the point 
and does not alter the fact that Benner preferably preheats and over- 
heats the furnace when it is idle, as we have shown in plaintiff's Ex. 7; 
or the fact that the preheating time is obviously and directly related to 
the output of the silicon carbide resistors. Benner claims an increase 
in power input "during idle periods" (p. 2, col. 1, line 38), and states: 

"One of the chief advantages of our furnace is the re- 
tension of useful heat during idle periods, and the almost 
immediate transfer of this heat to the cold charge when 

the latter is inserted in the furnace. In order to make 

such a method of operation effective, it is desirable to 
operate the furnace at a continuously high power input, 

and to proportion the lining so that this excess heat will 

be absorbed into the lining during the average idle period 
without overheating the furnace." (p. 2, col. 1, lines 55-65) 

In using the term "power input can be approximately doubled," 
Benner means "additional heat" (p. 2, col. 1, line 36), or "excess 
heat" (p. 2, col. 1, lines 39 and 62), and it is clear from Benner's 
statement (p. 2, col. 2, line 20) that Benner's increase in power input 
or excess heat is achieved primarily by prolonging "the idle period of 
the furnace.....much beyond the normal period" and overheating "while 
it is still empty to a value in excess of that to which it is desired to 
heat the load" (p.3, col. 1, line 60). Benner in speaking of approxi- 
mately doubling the power input thus means prolonging the idle period 
much beyond the normal period and preheating and overheating so as 
to store excess heat in the high heat capacity lining 6. The power input 
in calories per minute is in fact not increased in Benner's furnace 
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using silicon carbide lining as compared with insulation or any other 
lining, and references to "doubling" the power input appearing in the 
Benner patent and throughout defendant's brief are expressly refuted by 
Benner's own statement appearing at page 3, column 2, lines 1 to 8, 
wherein Benner says that the electrical energy supplied by the resistors 
is supplied at the same rate regardless of which kind of lining is used. 
Thus the lower Court's Finding No. 3, to the effect that Benner enables 
"doubling" the power input to reduce the heating cycle time, is clearly 
erroneous. Benner does not teach doubling the power input except in 
the sense of prolonging the idle or preheating time in order to allow 
more calories to be put back into the silicon carbide lining. : However, 
Benner's technique of overheating the furnace lining during the pre- 
heating period would aggravate the problem of securing temperature 
uniformity through the load (R 103) and requires the operation of the 
heating elements at excessively high temperatures, both of which are 
highly objectionable in the type of operation for which Dow's furnace 
was designed and intended. Benner recognizes that the power input of 
the heating elements cannot be increased when the charge is in the 


furnace, for he states: i 
ree te if the power is increased to a value sufficient to 
effect rapid heating, the parts of the charge exposed to 
direct radiation become overheated or 'burned'". (P. 1, 
col. 2, line 23.) 


Critical to Benner's concept of heating solely by radiation and 
using high heat capacity lining 6 for storing heat during preheating 
when the furnace is empty, are silicon carbide resistors (specified in 
all of Benner's claims), the characteristics of which are such that: 


‘When the temperature of the lining 6 is low, the resis- 
tor temperature also tends to fall and its resistance 
drops, so that the rate of heat input to the lining is 
relatively more rapid at such times and is automatically 
tapered off by the resistor as heat is stored in the 
lining and as the furnace temperature approaches the 
desired maximum." (P. 3, col. 1, lines 51-57.) 
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Thus, as the desired preheating temperature is approached, the 
heat output of the silicon carbide resistors tapers off. Thus, Benner's 
claim to increasing the power input, as well as Benner's ability to in- 
crease the power input, are circumscribed by the characteristics of 
Benner's silicon carbide resistors, the output of which is automatically 
limited by and in accordance with furnace temperatures. 


In the tests described by Benner (p. 3, col. 2) where "The bene- 
fits resulting from our method of furnace construction can be best 
illustrated", the time required for preheating when the high heat 
capacity lining is used--as shown by Pl. Ex. 7--demonstrates that there 
is no gain in the overall time cycle as compared with a furnace having 
ordinary lining. Significantly defendant has not shown, and Benner does 
not recite, any gain in overall cycle time, if any there be, if increasing 
the "power input" results in any saving when the high heat capacity 
lining is used. 

BENNER'S USE OF SILICON CARBIDE LINING 
DOES NOT REDUCE THE TOTAL TIME CYCLE 

BELOW THAT FOR ANY OTHER KIND OF LINING. 

That Benner's claim to increasing the power input, can only mean 
adding excess heat by prolonging the idle period of the furnace much 
beyond the normal period, is conclusively shown by the following cal- 
culations which also confirm the fact that the total time cycle, that is, 
the preheating time plus the charge heating time required by Benner's 
furnace, is the same whether Benner's furnace is lined with silicon 
carbide or with ordinary insulation. These calculations, based on pre- 
heating the furnace to 1350° C as specified by Benner (p. 3, col. 2, 
line 26), ignore the temperature drop in the lining and are based on the 
quantities of heat given up by the lining to the charge as specified by 
Benner. 


According to the table on page 3 of the Benner patent, the silicon 
carbide lining (if adequately preheated) supplies heat to the charge at 
a rate of 645,000 cal./min. According to Benner, the time required to 
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heat the charge when such silicon carbide lining is preheated and over- 
heated is 10 minutes, and therefore the heat supplied to the charge by 


such high heat capacity lining is: 
645,000 cal./min. x 10 min. = 6,450,000 cal. 


In the case of the insulation lining, again according to Benner's 
table, heat is supplied to the charge at a rate of 8,000 cal. / min. by 
the preheated insulation lining for a period of 90 minutes. The heat 
supplied to the charge by the insulation lining is therefore: : 

8,000 cal./min. x 90 min. = 720,000 cal. | 


Let the average rate in cal./min. at which heat is supplied by 
the heating element = Qp cal./min. 


Heat is supplied to the charge by the heating element in both 
cases, and, since Benner (P. 3, col. 2, lines 1 to 8) says that the 
heating element supplies heat at the same rate regardless of which 
lining is used, then the total heat supplied to the charge to bring it 


up to the required 1000° during the 10-minute heating period with 


silicon carbide lining is: 

(1) 6,450,000 ~ 10 Qp 
and the total heat supplied to the charge in the 90-minute heating 
period with the insulation lining is: | 

(2) 720,000 - 90 Q— : 


Since the charge is heated to the same temperature and there- 


fore must absorb the same number of calories of heat (whether from 
the lining or the heating element) no matter which kind of lining is 
used, then equations (1) and (2) must represent equal quantities and 
therefore | 
6,450,000 -£ 10 Qz = 720,000 ~ 90 Qzp 
Solving the above equation for Qg, which is the rate in calories per 
minute at which heat is supplied to the charge by the heating element, 
we find that: 
Qr = 71,625 cal./min. 
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In the case of the silicon carbide lining, the 6,450,000 cal. 
supplied therefrom to the charge during the 10-minute heating period 
must be returned to the silicon carbide lining before the next charge is 
placed in the furnace, and this amount of heat in accordance with 
Benner's disclosure, must be returned to the lining during a preheating 
or idle period to raise the lining temperature back to 1350° C. 


The total amount of heat required to heat the charge is: 
6,450,000 cal. -4-716,250 cal. = 7,166,250 cal. 


7,166,250 cal. = 716,625 cal./min. average rate at 
10 min. which heat is absorbed by 
| charge using silicon car- 

bide lining. 


The average rate at which heat is absorbed by the charge during the 
90 minutes with the ordinary insulation lining is: 


7,166,250 cal. = 79,625 cal./min. 
90 min. 


Subtracting 8000 calories a minute, the average calories per minute 
supplied to the charge by the insulation (Benner patent, p. 3, col. 2, 
line 47), from 79,625, the average rate at which heat is absorbed by 
the charge, leaves a figure of 71,625 calories per minute, the same 
average rate at which heat is supplied to the charge by the heating 
element in the case of the silicon carbide lining. 


If the capacity of the heating elements in either case exceeded 
71,625 calories per minute, the charge would not require 90 minutes 
to heat using ordinary insulation, or 10 minutes to heat using high 
heat capacity lining, because the total heat supplied by the lining and the 
heating element to the charge would then be greater than 79,625 calories 
per minute, the average rate when ordinary insulation lining is used, 
and 716,625 calories per minute, the average heating rate when the 
high heat capacity lining is used. 


The temperature in the furnace when the cold load is being heated 
from 25 - 1000° C is less than when the furnace is being preheated 
from 1000 - 13509 C. Since Benner makes it clear that the output of 
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the heating elements decreases as the furnace increases to the de- 
sired maximum, it follows that the heat output of the silicon carbide 
resistors is greater during the heating of the charge from 25 - 1000° C 
when the furnace temperature is lower than during preheating of the 
lining from 1000 - 1350° C when the furnace temperature is higher. 

It thus appears that the average heat output of Benner's heater in pre- 
heating the lining would be less than that during the heating of the load. 


However, by using the foregoing average of 71,625 calories per 
minute as the average output of the heaters during the time that the 
charge is in the furnace, it must take Benner at least 90 minutes to 
recharge a high heat capacity lining. Since the entire output of the 
heating elements of Benner is required, along with the stored heat 
given off by Benner's high heat capacity lining, to heat the charge in 
10 minutes, defendant's assertion, without more, (D B 12) that Benner's 
lining "would receive and store heat during the last part of the [charge ] 
heating period," is but another unsupported assertion on which de- 
fendant now hopes to rationalize the Patent Office decision. | 


Thus, Finding No. 3, that Benner "By using heat capacitors of 
high heat conductivity double[s] the power input to the furnace 
and thereby shorten[s] the usual heating cycle", is contrary to the 
evidence and the facts. 


Defendant infers (R 144) that Benner" s long period of preheating 
might be lessened if Benner's heating elements had greater heating 
capacity. While this might cut down the preheating time, it would not 
change the ratio between the preheating time and the time that the load 
is in the furnace (R 145), and defendant overlooks the fact that Benner 
recognized that "if the power is increased to a value sufficient to effect 
rapid heating, the parts of the charge exposed to direct radiation be- 


come overheated or 'burned'."' (Spec., p. 1, col. 1, line 21) 
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BENNER'S FURNACE IS NOT SUITABLE FOR 
BATCH TYPE HEAT TREATING OPERATIONS 





Defendant's assertion that Benner applies heat more uniformly to 
the charge and maintains an even temperature throughout the furnace 
(D B 3) is deceptive and irrelevant here. Benner makes it clear that 
by distributing high heat capacity lining all around the furnace chamber 
he "produces a much more uniform temperature on the different sides 
of a load" (p. 4, col. 1, line 13), but this does not mean, as implied 
by the defendant, that Benner thereby reduces the temperature 
gradient through the load. Simultaneously heating all surfaces of a solid 
load by radiation or conduction bears no relation to the problem of 
equalizing the temperature through a batch load of loose pieces by the 
circulation of furnace atmosphere through the load since, as pointed 
out by Holman, if a tray of pieces were put in Benner's furnace, 


Oy he the pieces at the outside, or the top of this tray, or 
basket would be heated very quickly and, as a matter of 
fact, they would be severely overheated. They would 
be heated to a temperature approaching the temperature 
of the inside of the furnace, roughly, 1350 degrees, 
since the furnace has already been pre-heated. How- 
ever, the pieces not at the outside of the box, the pieces 
that are shielded from the direct radiation from the 
heating element, they are in the shade, so to speak, 
they would heat very slowly, and they would only heat 
by conduction between the pieces, and if two pieces 

are only touching at one point, very little heat can 
travel through that one point. So, consequently, only 
the pieces at the outside or the top of this basket or 
tray will receive any significant amount of heating, 
unless they were left in the furnace for a very great 
length of time. Ultimately, of course, they would 

all be about equal in temperature. * * * But it would 
take many hours to do it." (R 101-102) 


Defendant concedes (D B 8) that applying radiant heat uniformly 
is of no advantage in batch treatment. 
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THE PRIOR ART DOES NOT SUGGEST THE USE OF | 
HIGH HEAT CAPACITY MATERIAL IN A CONVECTION | 
FURNACE FOR BATCH TYPE HEAT TREATING | 
OPERATION AS CLAIMED BY DOW | 
Defendant asserts, without more, that Benner discloses attributes —< 
of his furnace "which would be of advantage whether the charge was a 
Single piece or a batch of small pieces" (D B 4); yet, defendant con- 
cedes (D B 7) that Benner does not suggest that his furnace be modified 
for use in treating batches of small objects in which the batch of pieces 
would be arranged in a container so as to permit the circulation of hot 
gases through the batch and in which the furnace is provided with means 
to circulate air over the heating element and the heat absorber and 
through the batch of work pieces. Defendant's assertion that the prior 
art suggests that Benner be so modified so as to adapt it for heating a 
batch of pieces by convection is entirely unsupported and directly con- 
trary to the disclosure of Smith, who warns against the use of high heat 
capacity material (Smith patent, p. 3, col. 1, line 6 et seq.). Thus, 
the defendant's assertion is not only wholly unsupported, but is 
directly contrary to the teaching of the art which the defendant would 
brush off on the ground that Smith was mistaken as to the effect of 
high heat capacity material. It is evident that the — is the one 
who is mistaken in this case. | 


_ Defendant asserts, without more, that the Smith patent would S -log 
aigsert the addition of a fan to the Benner furnace for convection in Ti 
heating of a batch of small articles (D B 4). In making this assertion “ if 
the defendant overlooks the fact that in view of the enormous differences 


in the effectiveness of radiant heating and convection heating (R 101), 
the addition of a fan to Benner for circulating his atmosphere would 
produce no useful result (R 100). Even if a fan were added to Benner, 
Benner's radiant heating furnace would still remain highly undesirable 
for the use and purpose for which the Dow furnance is intended because 
of (1) the highly objectionable radiant heating of the work with its 
attendant over-heating of the exposed surfaces of the work; (2) the 
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objectionable technique of greatly overheating the furnace during the 
preheating period; and (3) the long idling of the furnace during the pre- 
heating period. Defendant is silent as to how these problems would be 
handled. It is incongruous for Defendant to assert that the overheating 
of the work in Benner due to radiation could be obviously eliminated by 
interposing a shield (as in Kelleher and FitzGerald) between the heaters 
and the work, because Benner's primary method of heating is by radia- 
tion from the heaters as well as from the lining. As stated by Judge 
Hand in Block v. Nathan (CA 2), 9 F. 2d 311: 

"An earlier device which must be distorted from its 

obvious design cannot be an anticipation." 
The suggested modification of Benner is directly contrary to the teach- 
ing of Benner and would defeat the very purpose of Benner. To so state 
defendant's contention is to demonstrate its absurdity. Note that Benner 
(p. 1, col. 1, par. 2 and 3) describes and rejects the Kelleher and 
FitzGerald arrangements where conducting refractory is interposed 
between the heaters and the work. While Benner's furnace conceivably 
might be used for radiant heating of pieces in a single layer on the floor 
of the furnace as was known in radiant heating furnaces at the time that 
Dow entered the picture (R 63), if Benner's techniques of overheating 
and preheating were eliminated, such a furnace has no practical utility 
for operations of the type for which the Dow furnace is adapted, as the 
need for increased and economical production has obsoleted radiant 
heating for batch controlled atmosphere furnaces. As stated in the 
Dow article, Pl. Ex. 6 ( R 63), radiant heating involves 

"single layer heating with its attendant drawbacks-- 

namely, continuous attention of the operator, anda 


very large furnace for case depths of more than .001 
or .002 inch." 


THE REJECTION OF THE METHOD CLAIMS IS UNWARRANTED 


The Board of Appeals affirmed the rejection of the method claims 
on the ground that they are 
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.largely functional and whatever results are ob- 
tained must be largely due to the operation of the | 
furnace with the heat storing silicon carbide material 
therein. The results achieved by appellant and | 
stressed by him, mainly, reduction of time in heating 
the metal articles and uniformity of heating, are aed 
described by Benner et al." (R 56) 


This decision was "rubber stamped" by the trial court. We have shown 
that the uniformity of heating of Benner is not the same as, or the 
equivalent of, reduction of the temperature gradient through the load, 
and in addition that Benner's reduction of time in heating the metal 
articles is not true when the overall cycle time is considered. 


The method claims are not merely the function of the furnace, as 
method claims 30 and 31 make n= reference at all to the high heat 
capacity material. As previously pointed out, all of the method claims 
are directed to a method of convection heating of a batch of pieces of 
work in which the furnace atmosphere is circulated through the batch 
of pieces of work. The furnace of Benner is not a convection heating 
furnace, and in view of the enormous differences in the rate of heat 
transfer between convection heating and heating by radiation (R 100 and 
101), the suggested addition of a fan to Benner would appear to be 
frivolous to one skilled in the art. It would be as reasonable to hitch a 
team of horses to a locomotive of a freight train to help pull the train 
as it is to add a fan to Benner for transferring heat to the load by con- 
vection when it is already being heated many times more rapidly by 
radiation. 


All of the method claims specify the step of reducing the rate at 


which heat is transferred by convection to the work such that the rate 
of heating the work is great enough to produce a relatively large temp- 
erature gradient in the work during the first part of the heating cycle 
and low enough during the latter part of the heating cycle to decrease 
the temperature gradient in the batch of work until the control temp- 
erature is approached, as recited in claim 30. 
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Claims 32-38 inclusive in addition all specify the method of 
transferring heat by convection from the high heat capacity material to 
the work. There is no reference in the art which discloses this step. 
Benner does not heat by convection. Thus, the case of In re Harris 


cited by the defendant is wholly inapplicable. There the steps were : 
all old, which is not true in this case. i 

Likewise, In re Keppler, cited by the defendant, is wholly inap- . 
plicable. Defendant is merely "wishfully thinking" when he asserts — : 


that the method here "would flow naturally from the teachings of the 
prior art."" The fact is that we have shown the teachings and facts of 

the art to be contrary to the teaching of Benner and to the suggested mod- 
ification of Benner in view of Smith. Thus the authorities relied upon by 
the defendant merely beg the question and do not face the issues before 
this Court. 


We think the situation in Ex parte Stephanoff (P. O. Bd. of App., 
June 1948), 81 USPQ 565, applicable here. In that case the method 
claims were rejected as involving merely the function of the apparatus 
of the allowed claims, and in allowing the method claims the Board 
stated: 


"We are not in agreement with this view that merely 
because the method claims embody the essential 
feature of the allowed apparatus claims they are not 
permissible. To follow this viewpoint to a logical 
extreme would necessarily establish a preference 
for one such type of claim over the other, and pro- 
hibit the simultaneous presentation of both method 
and apparatus claims. It is the existing practice to 
permit, in proper cases, the presence of both types 
of claims, it being evident that an inventive concept 
may have aspects of both apparatus and method, 
each capable of patent protection. 


"While it may, in proper instances, be held that 

method claims are but expressions of the function or 
operation of an apparatus, such is not clearly the case 
here. In the situation before us we find no method claims 
which are coextensive method counterparts of corres- 
ponding apparatus claims. While this may not be the 
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sole test, the absence of this at least persuasive con- 
dition would avoid this possible basis for adherence to 
the instant rejection. 


"Here, as argued by appellant, it is not —— that 

the method involved need be restricted to any one par- 
ticular apparatus, but it is conceivable that it may be 
carried out with the use of many and different appara- 
tuses. Appellant discloses several different forms which 
his apparatus may take and it appears that still dif- 
ferent forms might be evolved for the method as de- 
fined. We therefore do not find the method claims to 

be so restrictive in character as to be merely descrip- 
tive of the manner of operation of any particular | 
apparatus, and the rejection on such ground is not 
affirmed." (81 USPQ 567) 


The situation here is even stronger than in the Stephano case, 
as no apparatus claims have been allowed here: 


THE REJECTION OF THE SPECIFIC CLAIMS 49-52 
AND 54-56 IS ENTIRELY UNWARRANTED 


Claims 49-52 and 54-56, contrary to the assertion of the de- 


fendant (D B 15 and 16), all define structure in which the high heat 
capacity material forms a tunnel about the heating elements through 
which the furnace atmosphere is circulated. In Kelleher and in 
FitzGerald, as in Benner, heating is entirely by radiation or conduction, 
and in Kelleher and in FitzGerald the walls between the heating elements 
and the work were interposed to prevent the circulation of atmosphere 
from the furnace chamber over the heating elements. It is preposter- 
ous for the defendant to assert that claims such as 49-52 and 54-56 are 
an obvious adaptation in view of Kelleher or FitzGerald where the con- 
cept is directly opposite to that to which the claims here are directed. 
In asserting that these claims do not support the appellant's argument 
as to a tunnel structure for the passage of furnace gases (D B 5), de- 
fendant overlooks the fact that all of the apparatus claims specify that 
the furnace atmosphere is circulated over the heating elements as well 
as the heat absorbing element for absorbing heat therefrom. Thus the 
defendant's comments about the lack of "tunnel" structure in cconmia 


claims are in error. 
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THE DEFENDANT'S ARGUMENT AND UNSUPPORTED 
ASSERTIONS FAIL TO MEET THE APPLICANT'S CASE 
AND FORM NO RATIONAL BASIS FOR THE 
DECISION OF THE TRIAL COURT OR OF THE PATENT OFFICE 

In contending that the problem of achieving a minimum tempera- 
ture gradient through the load can be met by the recognized expedient of 
forced circulation of gas through the charge (D B 9), defendant proceeds 
in error and characteristically ignores the facts, for we have shown by 
a comparison (Pl Main Brief 15-19) of Figs. 7 and 8 of the application 
drawings and by the testimony that convection heating as known to the 
art when Dow appeared on the scene was far from satisfactory 

",..due to the wide variation in temperature normally 
existing in different parts of the load when approaching 
control temperature , and to the long time interval be- 
tween the first and last pieces of the load reaching 
control temperature." (R 66, 119-124). 

The Tauber patent (the application for which was filed in 1950), 
assigned to Leeds & Northrup, the assignee of Smith, confirms that 
convection heating had not solved such problem when Dow entered the 
field in 1947. See’ Figs. 6a and 6b of Tauber and his specification, 
column 4, lines 35-70 inclusive. The Commissioner is in error in - 
asserting that plaintiff must show that the Benner et al patent was widely 
known in the art (D B 13), since everyone is charged with knowledge of 
the art. However, Benner is assigned to the Carborundum Company, 
purveyors of silicon carbide (Carborundum) for use in heat treating 
furnaces, who obviously would promote the concept of Benner if it 
really had any utility (R 137), and it seems frivolous for the defendant 
to assert as he does that the record does not show that Benner is widely 
known in the art (D B13). FitzGerald refers to Carborundum (p. 1, 
col. 1, lines 35-36), and Kelleher refers to silicon carbide (col. 2, 
line 46), and HEAT TREATING, by Lindberg Engineering Company, 
builders of Lindberg Furnaces, states: 


"Where for years furnace engineers had worked to re- 
duce heat content of furnace linings, principally by the 
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use of refractory insulation, Dow not only put back the 
heavy firebrick walls but added heavy firebrick piers 
as baffles for directing the forced convected gases. i 
(R 71 and 73) : 

Benner, a patent attorney for the Carborundum Company, cer- 
tainly must have been familiar with the convection furnaces of Leeds & 
Northrup, ala Smith, widely used in heat treating (R 131). If, as de- 
fendant now asserts, the use of a fan is an obvious expedient in Benner, 
isn't it reasonable that Benner would at least have mentioned in his 
specification the possibility or desirability of using convection heating 
of the load in conjunction with his furnace? The fact is, however, that 
he didn't, and for the reason that convection heating has no utility in 
Benner's furnace. It remained for Dow to combine the use of high 
heat capacity material with convection heating, and in view of the im- 
portant results achieved by Dow he certainly is entitled to the protec- 
tion of the patent laws for his contribution to the art. : 


The Benner patent is concerned primarily with heating by radia- 
tion. Kelleher and FitzGerald, like Benner, are also primarily con- 
cerned with heating the load by radiation, although all three of these 
references do involve some heat transfer by conduction. The Smith 
patent is primarily concerned with heating by convection. , 


Dow has combined radiant heating of high heat capacity material 
with convection heating of a batch load where the circulating furnace 
atmosphere is heated by the high heat capacity material as well as by 
the heating tubes. Dow's convection furnace is a new combination of 
elements and produces important new and useful results (Pl Main 
Brief 5 and 6). Where the results achieved by Dow are not obtained 
by Benner or Smith, how can it be said that the claimed combination or 
method is obvious ? 


Where is the suggestion (absent applicant's disclosure) that the 
claimed concept is obvious in view of Benner's radiant furnace and 
Smith's convection furnace, two basically different types of furnaces? 
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The speculations and unsupported assertions in defendant's brief form 
no rationale for the Patent Office decision. 


CONCLUSIONS 


We have shown that Dow provides the following significant and 
unexpected advantages over anything disclosed or suggested in the art: 


he By substantially reducing the temperature gradient through 
the work being processed, essentially uniform heat treating results are 
obtained. (R 121, 123, 124, and Pl's Ex. 8, R 70). 


2. By significantly reducing the overall cycle time for pro- 
cessing each batch due to reducing the time required to equalize the 
temperature of the load at control temperature (R 123), the capacity of 
the furnace is increased thus substantially increasing the amount of 
work which can be processed in the furnace in a given time. 


3. By operating the heating tubes at a significantly lower 
temperature than otherwise possible, the life of such heating tubes is 
substantially increased. (R 122) 


We have also shown: 


A. Benner achieves no gain in the overall cycle time by the 
use of high heat capacity material. 


B. The trial court's Finding No. 3 that 


"By using heat capacitors of high heat con- 
ductivity Benner doubled the power input 
to the furnace and thereby shortened the 
usual heating cycle", 


is erroneous. 

C. Benner's technique of overheating and preheating is 
objectionable and has no utility in connection with reducing the temp- 
erature gradient through a load which consists of a batch of pieces. 


D. The use of radiant heat as a means of heating a batch of 
pieces is objectionable. 
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E. Beaner's techniques are of no utility in improving the 
quality of heat treating results. 


F. Benner's techniques do not reduce the average operating 





temperature of the heating tubes, but rather require that the heating 
elements be operated at such a high temperature as to overheat the 
furnace 350° C. above the temperature to which the load is to be heated. 


G. There is no basis for the trial court's Finding No. 7 that: 


"It would not require more than routine talent 
for a furnace designer, in using the Benner et al 
furnace ..... to reduce the temperature gradient 
... by ... the provision of a fan to circulate gas 
within the furnace, as taught by Smith." 

and such finding is clearly erroneous where the suggested modification 


is contrary to the teachings and the facts of the art. 


Thus, the decision of the Patent Office, as well as the trial court, 
cannot be rationalized, and Dow for his contribution to the art is en- 
titled to the grant of a patent containing the claims herein sought. 


It is therefore respectfully submitted that the erroneous judgment 
of the District Court should be reversed and a new judgment entered 
holding the claims here involved patentable over the art. 


Respectfully submitted, 
DORIS B. DOW, Trustee 
E. J. BALLUFF 


3153 Penobscot Building 
Detroit 26, Michigan 


and 
SOLON B. KEMON 


1331 G Street, N. W. 
Washington 5, D. C. 
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